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PROCESS FOR THE PRODUCTION OF
HYALURONIC ACID IN ESCHERICHIA COLI
OR BACILLUS MEGATERIUM

This application 1s a Continuation of copending applica-
tion Ser. No. 13/821,953, filed on Apr. 135, 2013, which was
filed as the National Phase of PCT International Application
No. PCT/EP2011/065641 on Sep. 9, 2011, which claims the
benefit under 35 U.S.C. §119(a) to Patent Application No.
MI2010A001641, filed 1n Italy on Sep. 9, 2010, all of which
are hereby expressly incorporated by reference into the
present application.

SUBJECT OF THE INVENTION

The present mnvention discloses a process for the produc-
tion of hyaluronmic acid (HA) 1n Escherichia coli and Bacil-

lus megaterium through episomal plasmid vectors wherein
the gene 1s under the control of a strong 17 promoter,
preferably under the control of a strong 17 promoter of
bacteriophage 17, and a system for the selection of stable
bacterial strains producing high levels of hyaluronic acid.

FIELD OF INVENTION

Hyaluronic acid 1s a natural linear polysaccharide which
consists of alternating (3-1-4 D-glucuronic acid and 3-1-3
N-acetyl glucosamine. Hyaluronic acid 1s part of the gly-
cosaminoglycan family, and can reach a molecular weight of
107 Da, with approx. 300000 repeating saccharide units. It is
widely distributed 1n the connective tissue and extracellular
matrix 1n the epithelium of eukaryotic organisms, where 1t 1s
located on the cell surface, but can also be synthesised 1n
some prokaryotic orgamisms, such as those of the Strepto-
coccus Tamily. Glycosaminoglycans are ideal joint lubri-
cants, but also perform many other functional roles 1n tissue
repair, cell motility, adhesion and development, cancer and
angilogenesis. Products based on hyaluronic acid have been
developed on the basis of these important characteristics,
and are used 1n orthopaedics, rheumatology and dermatol-
0gy.

The most common natural sources of HA include rooster
combs, the classic material from which HA 1s extracted, and
some bactena, especially those belonging to the Streptococ-
cus Tamily. All these diflerent sources present numerous
disadvantages: hyaluronic acid obtained from rooster combs
can, for example, cause allergies in humans because 1t 1s of
avian origin, while HA from bacterial sources must be free
of all the toxins normally present 1in those bacteria which can
cause possibly serious immune/intlammatory reactions. The
current industrial HA purification processes therefore com-
prise many different steps, with a consequent increase 1n the
final costs of manufacturing the raw material.

There 1s consequently a strongly felt need for alternative
sources that eliminate all the adverse events described, while
maintaining reasonable manufacturing costs. In recent years,
biosynthesis pathways for the synthesis of hyaluronic acid
have been included 1n detail 1n numerous organisms. While
the genes required for hyaluronic acid synthesis which are
present 1 eukaryotic organisms are distributed throughout
the genome, 1n bacterial systems said genes are oiten present
and orgamised 1n operons. For example, i Streptococcus
equi the operon for hyaluronic acid comprises 5 genes:
hasA, hasB, hasC, hasD and hasE. Sometimes, however, the
genes are present 1n two operons: 1n Streptococcus equisi-
milis one operon with genes hasA, hasB and hasC 1s present,
and another with genes hasC, hasD and hasE. The genes
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2

homologous with hasB, hasC, hasD and hasE of the Strep-
tococcl are present 1n many organisms, and synthesise the
enzymes necessary lor the synthesis of hyaluronic acid
precursors D-glucuronic acid and N acetyl-D glucosamine,
which are also the essential constituents of the bacterial
walls. In the case of streptococci, hyaluronan synthase
(hasA, which 1s present 1n the plasma membrane) 1s the key
enzyme for the final synthesis of hyaluronic acid because 1t
performs two functions: 1t catalyses the union of D-glu-
curonic acid and N-acetyl-D-glucosamine, and transports
the chain of newly-formed hyaluronic acid out of the cell.
The study of the enzymes responsible for hyaluronic acid
synthesis has allowed the development of recombinant sys-
tems 1n various organisms, such as Bacillus subtilis, Lacto-
coccus lactis, Escherichia coli and Agrobacterium radio-
bacter. The first organism engineered to produce hyaluronic
acid was B. subtilis, through cloming 1n 1ts chromosome of
an operon that carries the hasA gene from Streptococcus
(which 1s missing 1n Bacillus), with the tuaD and gtaB genes
of Bacillus (corresponding to hasB and hasC of Streptococ-
cus), under the control of a constitutive promoter (US2003/
1'75902). In this way a biosynthesis pathway was organised
in operons similar to those of Streptococcus equi, one of the
major natural producers of hyaluronic acid. However, the
system thus perfected leads to the industrial production of a
hyaluronic acid with a weight average molecular weight of
less than 1 MDA, with very low manufacturing yields.

The system of expression of hyaluronic acid according to
the present mvention uses bacteria of the strains Bacillus
Megaterium and Escherichia coll.

Bacillus Megaterium 1s an aerobic gram-positive bacte-
rium, which was described over 100 years ago. Its large size
(1 um, 1.e. 100 times larger than £. coli 1n both vegetative
and spore-forming form) has made it very popular for
morphological analysis studies. This bacterium can contain
many different types of plasmids; the plasmid DNA can be
transierred by protoplast transformation obtained by treat-
ment with polyethylene glycol, and they all work extremely
well, with excellent structural stability. The bacterium can
be transduced with phages, and the frequency of transior-
mation can reach 10° transformants per pug of DNA. Several
hundred mutants are currently available, which cover vari-
ous biosynthesis pathways: catabolism, division, sporula-
tion, germination, antibiotic resistance and recombination.

No less than seven plasmids have been found 1n different
strains of B. megaterium, with sizes ranging from 5.4 to 165
kb. The genomes of two strains (DSM319:EMBL, accession
number CP001983, and QM B15351:EMBL, accession num-
ber CP001982) and those of the seven natural plasmids are
now available. Although 1t 1s considered to be a bacterrum
present 1n soil, B. megaterium has been found in various
ecological niches such as dried meat, secawater and fish. B.
megaterium 1s able to grow 1n various carbon sources,
including slaughter waste and industrial syrups with a broad
spectrum of sugars (62 of the 95 tested), which include
carboxylic acids like acetate. B. megaterium can be cultured
at high density, up to 80 g of dry weight per litre. Consid-
erable knowledge has been obtained of various recombinant
enzymes with diflerent industrial applications which can be
secreted 1n this organism, such as a-amylase, [j-amylase,

penicillin amidase, neutral protease and p-glucanase. Par-
ticularly important are amylases, used in the bread-making
industry, glucose dehydrogenase, used industrially for the
production of NADH and as a biosensor, and penicillin
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amidase, used to generate new synthetic antibiotics. Finally,
B. megaterium 1s the major source of vitamin B12.

DETAILED DESCRIPTION OF TH.
INVENTION 5

L1

The present invention discloses and claims a process for
the production of hyaluronic acid (HA) in high industrial
yvields 1n Bacillus megaterium and Escherichia coli through
episomal plasmid vectors wherein the genes for the synthe- 10
s1s of the enzymes required for HA production, are under the
control of the strong 17 promoter, preferably under the
control of the strong T7 promoter of bacteriophage T7, and
a system for the selection of engineered, stable bacterial
strains producing high amounts of hyaluronic acid having 15
well defined weight average molecular weights (in the
following also indicated as MW).

In order to produce recombinant proteins (1n this case the
enzymatic proteins required for the synthesis of HA) efhi-
ciently, systems which use highly controllable strong pro- 20
moters need to be designed. The invention discloses a
process for the transformation of the above-disclosed bac-
teria, using a very eflicient system for the control of the
transcription of the genes introduced, as the gene of interest
1s placed under the control of the promoter dependent on T7 25
RNA polymerase.

During construction 1n £. coli of the vectors expressing
hyaluronic acid in the form of plasmids, 1t was discovered
that the genes thus introduced (which are responsible for
synthesis of the hyaluronic acid-producing enzymes) are 30
cell-toxic when their transduction control 1s a strong con-
stitutive promoter. In fact, in £. coli transtformed with genes
hasA and tuaD), gene transduction of hasA alone leads to a
great reduction 1n the D-glucuronic acid precursors required
to constitute the bacterial wall, with the result that the cell 35
dies, whereas gene transduction of tuaD alone generates
uncontrolled synthesis of D-glucuronic acid which, by acidi-
tying the bacterium and depriving 1t of glucose (its precur-
sor), causes 1ts death. Conversely, the transduction of both
genes by bacterial polymerases leads to the activation of the 40
two enzymes at different times, because they require differ-
ent construction times with different procedures and sites of
action (for example, hasA 1s a transmembrane protein with
different domains crossing it, so a much longer time 1is
needed for 1ts synthesis and correct folding). The cell can 45
only survive if balanced quantities of the precursor enzymes
and the enzyme necessary for hyaluronic acid synthesis are
present. In this case, the excess D-glucuronic acid, which 1s
toxic at high levels in the cell, 1s used by hyaluronan
synthase (hasA) which, combiming 1t with glucosamine, 50
incorporates 1t in the nascent hyaluronic acid and exports 1t
from the cell, thus keeping the cell alive.

Consequently, although both hasA and tuaD are necessary
tor the synthesis of hyaluronic acid, 1t 1s essential for the two
genes to work 1in concert, leaving the cell the time required 55
to:

produce D-glucuronic acid at non-toxic levels and

trigger the transcription of the hasA gene 1n such a way

that the latter 1s able to dispose of the high levels of
D-glucuronic acid as they accumulate 1n the cell. 60

In the present invention, the problems described above
have been solved by

placing the plasmid genes, necessary for the synthesis of

the above disclosed enzymes, under the control of a T7
promoter, preferably under the control of the T7 pro- 65
moter of bacteriophage T/, dependent on T7 RNA
polymerase, which uses repressor Xy1R 1n B. megate-

4

rium (and lac 1 FE. coli) for i1ts induction. The T7
promoter of bacteriophage 17 1s dependent on the
presence ol 17 polymerase, so the HA synthesis genes
placed under its control can only be transcribed by T7
RINA polymerase, not by the action of the polymerases
naturally present in the bacterium;
perfecting a system of selection of stable, engineered and
secreting B. megaterium strains and E. Coli strains,
preferably of viable, engineered and secreting B. mega-
terium strains, wherein the enzymes necessary for the
HA synthesis, are present in “balanced” amounts, thus
non toxic for the cell.
It 1s therefore object of the present invention a process for
the preparation ol hyaluromic acid in Escherichia coli or
Bacillus megaterium, preferably in B. megaterium, compris-

ing the following steps:

(a) culture of bacterial host cells of Escherichia coli or
Bacillus megaterium, preterably of host cells of B. megate-
rium, transformed 1n a stable way with the T7 RNA poly-
merase system under conditions suitable for the production
of hyaluronic acid in the presence of 1sopropyl-p-thio-
galactopyranoside (IPTG) or xylose respectively as induc-
tors, wherein said bacterial host cells are characterised by
being further transformed waith:

(1) at least one episomal plasmid vector comprising a
sequence coding for the enzyme hyaluronan synthase
and a sequence coding for the enzyme UDP-glucose
dehydrogenase in tandem under the control of the
strong inducible T7 promoter, preferably under the
control of the T7 promoter of bacteriophage 17; or

(11) at least one episomal plasmid vector comprising a
sequence coding for the enzyme hyaluronate synthase,
a sequence coding for the enzyme UDP-glucose dehy-
drogenase, a sequence coding for the enzyme UDP-
glucose pyrophosphorylase and a sequence coding for
the enzyme glucose 6 phosphate 1somerase, under the
control of the strong inducible 17, prefterably under the
control of the T7 promoter of bacteriophage 17;

(b) recovery of hyaluronic acid from the culture medium,
wherein such bacterial host cells of Escherichia coli or
Bacillus megaterium transtformed 1n a stable way with the T7
RNA polymerase system and with plasmid vector (1) or (11)
able to produce hyaluronic acid of step a) are pre-selected 1n
the plate on IPTG or xylose gradient respectively.

The Applicant preferably used B. megaterium (preferably
pertaining to QMB1551 or DSM319 strains), transformed
with the T7 RNA polymerase system, for its subsequent
transformation with the episomal plasmid containing the
genes for HA synthesis, as it presents various advantages as
host for the expression of heterologous DNA:

the HA produced is easily secreted;

it 1s Ifree of exotoxins and endotoxins, unlike gram-
negative bactera;

it does not contain any alkaline protease, and conse-
quently does not induce the breakdown of the protein
produced,;

it 1s structurally very stable by comparison with recom-
binant plasmids: B. megaterium can contain a much
larger number of episomal plasmids than Bacillus Sub-
tilis, which are more stable; B. megaterium can also
support much larger inserts than £. coli and B. subtilis,
and this characteristic 1s very important when, as 1n the
case of the present invention, a long metabolic pathway
like that of hyaluronic acid 1s to be engineered.

The T7 RNA polymerase system transferred to B. mega-

terium (and to E. coli, preferably to E. coli BL21 DE3 strain)
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controls the expression of the genes responsible for synthe-
s1s of the HA biosynthesis pathway (cloned in episomal
plasmids), and guarantees

very high activity and selectivity of gene transcription;

a consequent very high production of the recombinant

proteins required for the synthesis of hyaluronic acid.

The final yield of the desired product will be very high:
much higher than that obtained with B. subtilis, where the
operon system 1s cloned on the chromosome of the bacte-
rium, and 1s under the control of non-inducible constitutive
promoters.

In fact, the T7 RNA polymerase system described above
1s inducible: 1t 1s mtroduced artificially 1nto the bacterium
and activated by the Applicant by adding substances like
IPTG (dor E. coli 1n quantities of between 0.1 mM and 10
mM, preferably between 0.4 and 1 mM) or xylose (for B.
Megaterium 1n quantities of between 0.1% and 10%, prei-
erably between 0.5% and 1% w/v); 1n their presence, the
inducer bonds to the repressor, modifying 1its configuration,
and the repressor then detaches from the promoter, allowing
the polymerases of the bacterium to transduce the gene for
synthesis of T7 RNA polymerase. The latter, in turn, can
only activate the gene transcription of the genes placed
under the control of a T7 promoter. In this way the synthesis
of the whole biosynthesis process for the production of HA
can be controlled. The system 1s so eflicient in that a single
polymerase 1s dedicated to the gene of interest, and the RNA
polymerase of the bacterium i1s not mvolved. With this
methodology, the cell protein synthesis system 1s saturated,
so that the proteins of interest are obtained in amounts to
50% or more of the total proteins.

Further, as demonstrated 1n the following by the Appli-
cant, by modulating the fermentation times, the Applicant
can obtain the production of high amounts of HA with
specific weight average molecular weights, comprised 1n a
range of from 100 KD to above 2 MD. More particularly,
when the process according to the invention uses bacterial
host cells of B. megaterium and fermentation time 1s com-
prised of from 80 to 160 hours, it 1s possible to obtain HA
having a weight average MW comprised 1n the range 100-
500 KD; when fermentation time 1s comprised of from 40 to
80 hours, 1t 1s possible to obtain HA having a weight average
MW comprised in the range 500-1000 KD; when fermen-
tation time 1s comprised of from 12 to 40 hours, 1t 1s possible
to obtain HA having a weight average MW comprised in the
range 1x106-3x10° D.

In a preferred embodiment of the present invention, the
sequence coding for the enzyme hyaluronan synthase (hasA)
1s obtained from a Streptococcus strain, preferably from
Streptococcus zooepidemicus, and the sequences coding for
enzymes UDP-glucose dehydrogenase (hasB or tuaD),
UDP-glucose pyrophosphorylase (hasC or gtaB) and glu-
cose 6 phosphate 1somerase (hasE or pg1), are derived from
B. subtilis.

According to a particularly preferred embodiment of the
present 1nvention, the sequences coding for enzymes
hyaluronan synthase, UDP-glucose dehydrogenase, UDP-
glucose pyrophosphorylase and glucose 6 phosphate
1somerase include an upstream Shine-Dalgarno sequence.

Even more preferably, said plasmid vector (1) comprises
or consists of the nucleotide sequence as defined 1n SEQ 1D
NO:1 or in SEQ ID NO:2.

The subsequent purification of the HA secreted will be
extremely simple, with the result that the industrial produc-
tion process will be much cheaper than the process accord-
ing to the state of the art.
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Specifically, E. coli strains BLL.21 DE3 (Stratagene, Calif.,
USA) have T7 RNA polymerase cloned 1n the chromosome
of the bacterium under the control of the inducible promoter
lac. It can be induced with IPTG for the transcription of the
17 RNA polymerase gene. At this point, the T7 RNA
polymerase produced can transcribe the genes under its
control.

A similar system has also been engineered 1n B. megate-
rium. In this case the system uses two plasmids: the first
leads to the synthesis of the enzymatic protein T7 RNA
polymerase, and the second (engineered) to that of the
messenger of the gene (or genes) ol interest, under the
control of the T7 promoter of bacteriophage 17. The first
plasmid, pT7-RNAP (MoBiTec), derives from plasmid
pBM100 264 (MoBiTec), which replicates 1n B. megaterium
QM B1351 (MoBiTec) and also contains the replication
origin of £. coli, resistance to ampicillin and chlorampheni-
col and the promoter for xylose PXylA, and its repressor
Xy1R, which control the synthesis of T7 RNA polymerase,
whose gene sequence 1s 1n the same plasmid. The plasmid
for synthesis of recombinant proteins, pP1T7 (MoBiTec),
derives from B. cereus and leads to a replication origin of B.
megaterium and resistance to ampicillin and chlorampheni-
col, and a replication origin for E. coli and the promoter T7
controlled by T7 RNA polymerase.

When the protein of interest 1s to be synthesised, xylose
1s added to the cells, and activates 1ts promoter by detaching
the repressor. The promoter, freed, then allows the poly-
merase of the bacterium to transcribe the gene for synthesis
of the T7 RNA polymerase enzyme which, moving onto the
17 promoter of the other plasmid, transcribes its gene of
interest, namely the genes required for HA synthesis. The
system 1s highly eflicient, because a single polymerase 1s
dedicated to the transcription of the gene of interest, and the
multiple copies of the two plasmids ensure that the transcript
levels are extremely high.

A further object of the present invention are plasmid
vectors, containing the two genes hasA and tuaD or the four
genes hasA, tuaD, gtaB and pgi (corresponding to hasE),
under the control of T7 promoter of RNA polymerase of
bacteriophage 17, which are suitable to allow the production
in B. megaterium and/or 1n E. coli, preferably in B. mega-
terium, of hyaluronic acid 1n high yield, according to the
methodology described above. Preferably, the sequences
coding for the hyaluronan synthase enzyme, UDP-glucose
dehydrogenase, UDP-glucose pyrophosphorylase and glu-
cose 6 phosphate 1somerase include an upstream Shine-
Dalgarno sequence. These vectors can also be constructed so
as contain any other gene relating to the biosynthesis of
hyaluronic acid.

Unlike those available to date, the starting plasmid 1is
small, which allows engineering of the entire hyaluronic
acid biosynthesis pathway (i.e. the four genes hasA, tuaD,
gtaB and pg1) 1n a single plasmid, which 1s herein referred
to as pPT7hasAtuaDgtaBpgi, making the present invention
economically advantageous and successiully applicable on
an 1ndustrial scale. In a preferred embodiment of the present

invention the plasmid vector 1s pPT7hasAtuaD (SEQ ID
NO:1) or pPT7hasAtuaDgtaBpg1 (SEQ ID NO:2).

The present invention also relates to a method and relative
system for the production/construction of bacterial strains,
transformed with plasmid containing the entire hyaluronic
acid biosynthesis pathway, with the 2 genes or 4 genes, and
the selection of stable, viable, replicating and HA-secreting
bacterial strains with high yield.
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Said method of construction of engineered strain with the
2 genes or 4 genes plasmid vector for the HA synthesis
comprises the following steps:

Cloning of the tuaD gene (UDP-glucose dehydrogenase)

from Bacillus Subtilis,

Cloning of the hasA gene (hyaluronan synthase) from
Streptococcus zooepidemicus,

Construction of the plasmid pGEM4hasA,

Construction of a plasmid with the tuaD gene following
hasA,

Cloning of the hasA-tuaD gene in the plasmid for B.
megaterium pP1T7. pPT7hasAtuaD;

the process for the construction of the 4 genes route proceeds
with the following steps:

Cloning of the gtaB gene: construction of the plasmid
pGEM4hasA-gtaB,

Cloning of the pg1 gene from Bacillus Subtilis,

Construction of plasmid pPT7hasAtuaDgtaBpgi, which 1s
referred to as pT7hyal,

Transformation of plasmids pPT7hasAtuaD and
pP 1 7hasAtuaDgtaBpgi1 into Bacillus megaterium or L.
coli, preferably 1n Bacillus megaterium,

Selection of hyaluronic acid-secreting cells by xylose
gradient for Bacillus megaterium or IPTG gradient for
E. coli,

Selection of stable, viable, replicant and secreting high
amounts ol HA cells.

A fTurther object of the mnvention 1s therefore a system for
the selection of transfected, secreting, viable cells: the IPTG
gradient allows the selection of transfected, viable cells,
capable of replication and above all, secreting HA with high
yields.

The present invention will be now disclosed by way of
example but not of limitation, according to preferred
embodiments with particular reference to the attached fig-
ures, wherein:

FIG. 1 shows a comparison 1n plates between the growth
of cells E. coli TOP10, incorporating plasmid pHTO1 (con-
trol) and cells E. coli TOP10, incorporating pBS5 (hasA+
tuaD);

FIG. 2 shows the gel analysis of the expression of gene
tuaD 1n E. coli BL21 DE3;

FIG. 3 shows the analysis 1 gel electrophoresis of the
constitutive expression of hyaluronan synthase (Street) in £.
coli; the encoded protein designated SeHAS 1s 417 amino
acids long (calculated molecular weight 477,778, calculated
PI 9.1) and 1s the smallest member of the HAS family
identified thus far; the enzyme migrates anomalously fast 1n
SDS polyacrylamide gel electrophoresis (about 42000 Da);

FIG. 4 shows the plasmid map pPT7 comprising the
promoter and the terminator of T7 RNA polymerase of
bacteriophage 17; the replication origin of Coli and Mega-
terium; ampicillin resistance gene; tetracycline resistance
gene;

FIG. 5 shows the restriction map of plasmid PT7hyal;

FIG. 6 shows the analysis by SDS-page of cell lysates of
E. coli BL21 DE3 to verily the presence of proteins that lead
to the synthesis of hyaluronic acid;

FIG. 7 shows the comparison of the production of HA in
plate between colonies of E. coli BL21 DE3 transformed
with the plasmid pP17 (colony control), pPT7hasAtuaD
(colony 6) and pP17hasAtuaDgtaBpg1 (pT7Hyal—Colony
2) after 24 hours of growth at 37° C., in the presence of
IPTG;

FIG. 8 shows the results of plating assays for the selection
of cells able to express high levels of hyaluronic acid in the
presence or absence of IPTG;
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FIG. 9 shows the results of plating assays in the presence
of IPTG to test the degree of survival of cells capable of
producing HA;

FIG. 10 shows the carbazole analysis of the precipitates of
HA 1n the test tube.

The following examples describe the wvarious steps
required for the embodiment of the invention, by way of
example but not of limitation.

Example 1

Cloning of the tuaD Gene (UDP-Glucose
Dehydrogenase) from Bacillus subtilis

The sequence of the tuaD gene, which 1s 9300 bp long 1n
B. subtilis, 1s present in the databases under the access
number AF015609 1n the system which codes for the tei-
churonic acid operon and comprises eight genes, tuaAB-
CDEFGH. In the present case the gene of interest tuaD falls
between bases 3582-4984 bp. Software analysis for restric-
tion enzymes 1ndicates that the restriction sites Clal, EcoRI,
Pstl, HindIII and Sphl are present, and therefore cannot be
used for cloning. The start codon 1s not a methionine but a
valine; 1n the present mvention, 1t was replaced with the
codon for methionine, which 1s much more eflicient 1n the
transduction of the protein. Two oligonucleotide primers
with the following sequence were used to recover this
sequence:

(SEQ ID NO: 3)
b'atgaaaaaatagctgtcattggaacag 3°
and

(SEQ ID NO: 4)

b'ttataaattgtcgttcecccaagtet 31'.

The genomic DNA from B. subtilis strain 168 (ACTT
23857D-5) was obtained with the Qiagen extraction kait.
With 32 cycles of PCR, using DNA from B. subtilis as
template and the two said oligonucleotides, an amplificate of
the expected molecular weight was obtained. The amplifi-
cate obtamned was tested for the presence of restriction
enzyme EcoRI. After cutting with this enzyme 1n 1% aga-
rose gel, two bands of DNA weighing 470 bp and 920 bp
were present, which correspond to those expected. To clone
the tuaD gene 1n an expression vector, two other oligonucle-
otides with the following sequence were synthesised:

(SEQ ID NO: 5}
S5'gctggatccatgaaaaaatagctgtcattgg 3
and

(SEQ ID NO: 6)

5' ctcgctagcttataaattgacgectteccaag 3

in order to insert said sequence between the restriction
sites BamHI and Nhel 1n the expression vector, plasmid
pRSET B (INVITROGEN).

A Shine-Dalgarno (SD) sequence needs to be introduced
into gene tuaD upstream of the 5' end of the gene to allow
ellicient recognition by the bacterial RNA polymerase. For
this purpose the DNA was amplified with the following
oligonucleotide primers:

(SEQ ID NO:
5' cgacatatgaaaaaatagctgtcattgg 3

7)
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-continued
and

(SEQ ID NO:
5' ctcgctagcecttataaattgacgcttcccaag 3'.

8)

Two restriction sites Ndel and Nhel are present in said
primers at S', which allow their cloning in vector pRSET B
between the same sites. A sequence SD, consequently pres-
ent upstream of restriction site Ndel of plasmid pRSET B, 1s
particularly eflicient and necessary for the RNA polymerase
in order to synthesise the protein. Restriction site Xbal,
which will be required for the subsequent clonings, 1s also
present even belore said sequence. The vector created,
pRSET B, was therefore called pRSEtuaD.

Thus 1n this plasmid, the sequence coding for tuaD falls
between restriction sites Ndel and Nhel; restriction site
Xbal, which 1s necessary for the subsequent cloning, 1s
present before and upstream of said plasmid, and other
restriction sites, including BamHI--BgllI--Xhol, are present
behind the tuaD gene.

The diagram below summarises the sites of interest pres-
ent 1n plasmid pRSEtuaD

Xbal--Ndel--------------- tual)--------mmmem - Nhel--
BamHI--BglI-Xhol

The plasmid described 1s an expression vector functioning,
not only 1n B. megaterium but also 1n E. coli, because the
gene 1s under the control of T7 promoter of bacteriophage
177: 11 1t 1s transformed 1nto bacterial cells BLL21 DE3, which
are able to transcribe T7 RNA polymerase, it therefore
enables them to express the tuaD gene. After induction with
1 mM of IPTG the cells in £. coli are able to produce the
protein of the expected molecular weight, but not hyaluronic
acid. The construction 1s particularly eflicient because the
level of expression 1s very high. The sizes of the colonies
which carry plasmid pRSEtuaD are tiny compared with the
control cells (FIG. 1), which demonstrates the toxicity of the
tuaD gene. This cloning 1s diflicult precisely because 1t 1s
apparently diflicult for the colonies to grow; the particularly
high level of enzyme UDP-glucose dehydrogenase probably
drains the cell glucose because it 1s required for the forma-
tion of the hyaluronic acid precursor. The cells 1n which the
synthesis of tuaD i1s induced with IPTG are therefore no
longer able to survive for a long time, so the gene product
1s toxic.

In conclusion, the tuaD gene was 1solated and cloned in
a plasmid, and the sequence proved correct. The gene
expressed 1 L. coli 1s able to produce a protein of the
expected molecular weight (54 kDa, FIG. 2), which 1s toxic

to the cell. However, these cells are unable to produce
significant quantities of hyaluronic acid, as hyaluronan
synthase (hasA) 1s lacking.

Example 2

Cloning of the hasA (Hyaluronan Synthase) Gene

from Streptococcus zooepidemicus

The gene sequence for hyaluronan synthase 1s present in
the databases under the access number AY 173078, and 1s
3532 bp long; the sequence coding for the protein 1s between
bases 1 and 1254. The restriction sites HindIII and Stul are
present 1n this sequence, and therefore cannot be used for
cloning, but can be used to verily the cloning. Two oligo-
nucleotides for use with PCR were designed and synthesised
to recover the coding sequence:
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(SEQ ID NO:
S5'atgagaacattaaaaaacctcataac 3
and

9)

(SEQ ID NO:
S5'taataattttttacgtgttcceccag 3°

10}

The genomic DNA from the bacterium Streptococcus
zooepidemicus was recovered with the Qiagen extraction kit.
The 1254 bp coding sequence was recovered with PCR. The
expected amplificate of the correct dimensions was con-
trolled with restriction enzyme HindIIl, and gave rise to two

bands of approx. 100 bp and 1150 bp which correspond to
the expected cut.

Example 3

Construction of the Plasmid pGEM4hasA

Two other oligonucleotides with the following sequence

were created to clone the hasA sequence in plasmid
pGEM4Z:

(SEQ ID NO: 11)
5' ggaggatccatgagaacattaaaaaacctcat 3
and

(SEQ ID NO: 12}

5' cagtctagattataataatttttacgtgtcce 3

The BamHI restriction site was created 1n the first oligo-
nucleotide close to 5', and the Xbal restriction site was
created in the second oligonucleotide, again at 5'. The
amplificate obtained through these two oligonucleotides was
cloned between restriction sites BamHI and Xbal 1n plasmid
pGEM47Z (PROMEGA) between the same sites to give
plasmid pGEM4hasA.

The DNA sequence between said two restriction sites was
analysed with an ABI 7000 sequencer, proved correct, and 1s
identical to the one published.

HindIII-BamHI---------------- hasA--------------- Xbal-Sall

The plasmid was checked for expression of the recombi-
nant protein 1 £. coli and presented a molecular weight of
approx. 42 kDa, which agrees with the weight reported for
the protein in the literature, although 1t has a theoretical
molecular weight of 47.778 kDa (FIG. 3).

The cloning of hasA from streptococcus was therefore
also demonstrated 1n terms of protein expression. The plas-
mid 1s unable to produce significant quantities of hyaluronic
acid because 1t lacks the tuaD gene.

Example 4

Construction of a Plasmid with the tuaD Gene
Following hasA

With this construction, the hasA gene 1s placed in tandem
with the tuaD gene. For this purpose, plasmid pGEM4hasA,
which already contains the hasA gene, 1s used as vector. The
plasmid was cut with Xbal and Sall, and the tuaD gene
sequence from plasmid pRSEtuaD was cut with Xbal and
Xhol and cloned in the same sites (Xho I and Sall are

compatible)
pGEM4hasA
HindIII-BamH]I--------=------ hasA----=-mceaeum- Xbal-Sall
pRSE tuaD
Xbal--Ndel------=-==nanma--- tnal------mmmmmmee - Nhel-

BamHI--Bgll-Xhol
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the following final sequence being obtained:

12

sequence, and a site BamHI (ggatcc) after the initial methio-

HindIII-BamH]I--------- hasA---------- Xbal--Ndel--------- nine. Two oligonucleotides were synthesised for the cloning
tuaD----------- Nhel-BamHI--Bgll-Xhol so as to create the following two restriction sites at the end:
FExample 5 5

' . . (SEQ ID NO: 13)

Cloning of the hasA-tuaD Gene in the Plasmid ' OOTTATACATOACAACATTAAAAAACCTCR 3

pP'17 for B. megaterium

(SEQ ID NO: 14)

This plasmid pP17 (MoBilec) contains two origins of . 5 ' AGGGATCCTTATAAATTGACGCTTCCCAAG 3

replication, one for £. coli and one for B. megaterium, and

can therefore be propagated in both bactena. It also contains 1.e. BsrGI and BamHI upstream and downstream of genes
resistance to the anftibiotics ampicillin and tetracycline, hasA and tuaD respectively. The 2698 bp amplificate
which can be used for . coli and B. megaterium respec- obtained was cut with the restriction enzymes BsrGI and

tively, and the recognition sequence for T7 RINA poly-

BamHI and cloned 1n the same restriction sites as plasmid

- 15
merase, namely the promoter dependent on T7 RNA poly pPT7 to obtain plasmid pPT7hasAtuaD (FIG. 4).

merase of bacteriophage 17 followed by its terminator.

The plasmid contains restriction site BsrGI with the The complete sequence of this plasmid, called
sequence tgtaca a few bases alter the Shine-Dalgarno pP 1 7hasAtuaD, was analysed, and 1s set out below:
0 CTTTTTAGGTTCTAAATCGTGTTTTTCTTGGAATTGTGCTGTTTTATCCTTTACCTTGTC
60 TACAAACCCCTTAAAAACGTTTTTAAAGGCTTTTAAGCCGTCTGTACGTTCCTTAAGGCG
120 AAATTAATACGACTCACTATAGGGAGACCACAACGGTTTCCCGAATATTAATTAACCAAG
Bspl4071
180 GAGGTGAAATGTACAATGAGAACATTAAAAAACCTCATAACTGTTGTGGCCTTTAGTATT
1 M R T L K N L I T V V A F § I
HindIIT
240 TTTTGGGTACTGTTGATTTACGTCAATGTTTATCTCTTTGGTGCTAAAGGAAGCTTGTCA
1 F WV L L I Y V NV YL F G A K G S L 8
300 ATTTATGGCTTTTTGCTGATAGCTTACCTATTAGTCAAAATGTCCTTATCCTTTTTTTAC
1 I Y ¢ F L L I A Y L L V KM S L S8 F F Y
360 AAGCCATTTAAGGGAAGGGCTGGGCAATATAAGGTTGCAGCCATTATTCCCTCTTATAAC
1 K P F K @ R A G Q Y KV A A I I P S Y N
420 GAAGATGCTGAGTCATTGCTAGAGACCTTAAAAAGTGTTCAGCAGCAAACCTATCCCCTA
1 E D A E $ L L E T L K S V @ Q@ Q T Y P L
480 GCAGAAATTTATGTTGTTGACGATGGAAGTGCTGATGAGACAGGTATTAAGCGCATTGAA
1 A E I Y V VD DG S ADTETGTI KR I E
540 GACTATGTGCGTGACACTGGTGACCTATCAAGCAATGTCATTGTTCACCGGTCAGAARARR
1 D Y VRDTGDTUL S S NV I V HR S E K
600 AATCAAGGAAAGCGTCATGCACAGGCCTGGGCCTTTGAAAGATCAGACGCTGATGTCTTT
1 N Q G K R HA QA WATFET RS DA ATUD V F
660 TTGACCGTTGACTCAGATACTTATATCTACCCTGATGCTTTAGAGGAGTTGTTAARAACC
1 L T Vv D S$ D T Y I Y P D ATULETETL L K T
720 TTTAATGACCCAACTGTTTTTGCTGCGACGGGTCACCTTAATGTCAGAAATAGACAAACC
1 F N D P TV F A AT GHTULIDN YV RN R Q T
780 AATCTCTTAACACGCTTGACAGATATTCGCTATGATAATGCTTTTGGCGTTGAACGAGCT
1 N L L T R L T D I R Y D DNOATF G V E R &

840

GCCCAATCCGTTACAGGTAATATTCTCGTTTGCTCAGGCCCGCTTAGCGTT TACAGACGC
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-continued

A @ §$ VvV T GG N I L Vv ¢ 8 G P L S8 V Y R R
GAGGTGGTTGTTCCTAACATAGATAGATACATCAACCAGACCTTCCTGGGTATTCCTGTA
E v v v P N I D R Y I N © T F L G I P V
AGTATCGGTGATGACAGGTGCTTGACCAACTATGCAACTGATTTAGGARAAGACTGTTTAT
s I 6 b b R ¢C L T N Y A T D L G K T V ¥
CAATCCACTGCTAAATGTATTACAGATGTTCCTGACAAGATGTCTACTTACTTGAAGCAG
& T A XK ¢ 1 T D VvV P D K M 8 T Y L K Q
CAAAACCGCTGGAACAAGTCCTTCTTTAGAGAGTCCATTATTTCTGTTAAGAAAATCATG
Q N R W N K 8 F F R E 8 T I 8 VvV K K I M
AACAATCCTTTTGTAGCCCTATGGACCATACTTGAGGTGTCTATGTTTATGATGCTTGTT
N N P F V A L T I L E E V &8 M F M M L V
TATTCTGTGGTGGATTTCTTTGTAGGCAATGTCAGAGAATTTGATTGGCTCAGGGTTTTG
Yy § v v D F F V G N V R E F D W L R V L
GCCTTTCTGGTGATTATCTTCATTGTTGCTCTTTGTCGTAATATTCACTATATGCTTAAG
A F L Vv I I F I VvV A L ¢ R N I H Y M L K
CACCCGCTGTCCTTCTTGTTATCTCCGTTTTATGGGGTACTGCTTTGTTTGTCCTACAGC
H p L § F L L 8§ P F Y G V L L ¢ L & Y 8
CCTTGAAATTGTATTCTCTTTTTACTATTAGAAATGCTGACTGGGGAACACGTAAAARAT
P
Xbal Ndel
TATTATAATCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATACATATGAAARARAAL
M K K I
TAGCTGTCATTGGAACAGGTTATGTAGGACTCGTATCAGGCACTTGCTTTGCGGAGATCG
A v I 6T 6 ¥y v G L v &8 & T ¢ F A E I G
EcoRV Clal
GCAATAAAGTTGTTTGCTGTGATATCGATGAATCAAAAAT CAGAAGCCTGAAARAATGGGEG
N K VvV v ¢ ¢ D I D E S K I R & L K N G V
TAATCCCAATCTATGAACCAGGGCTTGCAGACTTAGTTGAAAAARAATGTGCTGGATCAGC
1 p I Y E P G L A D L V E K N V L D @ R
EcoRV
GCCTGACCTTTACGAACGATATCCCGTCTGCCATTCGGGCCTCAGATATTATTTATATTG
L T F T N D I P 8 A I R A S D I I Y I A
CAGTCGGAACGCCTATGTCCAARAACAGGTGAAGCTGATTTAACGTACGTCAAAGCGGCGG
v 6 T p M 8§ K T G E A D L T Y V K A A A
CGAAAACAATCGGTGAGCATCTTAACGGCTACAAAGTGATCGTAAATAAAAGCACAGTCC
K T I 6 E H L N ¢ Y K v I v N K s T Vv P
CGGTTGGAACAGGGAAACTGGTGCAATCTATCGTTCAAAAAGCCTCAAAGGGGAGATACT
v 6 T 6 K L v ¢ 8 I VvV @ K A &8 K G R Y S

EcoRI1I

CATTTGATGTTGTATCTAACCCTGAATTCCTTCGGGAAGGGTCAGCGATTCATGACACGA

14
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3 F D Vv VvV 8 N P E F L R E ¢ 8 A I H D T M
1980 TGAATATGGAGCGTGCCETGATTGGTTCAACAAGTCATAAAGCCGCTGCCATCATTGAGG
3 N M E R A VvV I ¢ 8 T 8 H K A A A I I E E
2040 AACTTCATCAGCCATTCCATGCTCCTGTCATTAAAACAAACCTAGAAAGTGCAGAAATGA
3 L. H ¢ P F H A P V I K T N L E 8 A E M I
EcoRV
2100 TTAAATACGCCGCGAATGCATTTCTGRCGACAAAGATTTCCTTTATCAACGATATCGECAA
3 K ¥ A A N A F L A T K I 8 F I N D I 2 N
2160 ACATTTGTGAGCGAGTCGGCGCAGACGTTTCAAAAGTTGCTGATGETGTTGETCTTGACA
3 I ¢ E R V ¢ A DV 8 K Vv 2 D G V GG L D s
2220  GCCGTATCGGCAGAAAGTTCCTTAAAGCTGETATTGGATTCGGCGETTCATETTTTCCAA
3 R I 6 R K F L K 2 ¢ I ¢ F ¢ G 8 ¢ F P K
2280  AGGATACAACCGCGCTGCTTCAAATCGCAAAATCGEGCAGGCTATCCATTCAAGCTCATCG
3 D T T A L L ¢ I A K 8 A ¢ Y P F K L I E
2340 AAGCTGTCATTGAAACGAACGAAAAGCAGCETGTTCATATTGTAGATAAACTTTTGACTG
3 A VvV I E T N E K ¢ R V H I VvV D K L L T V
2400  TTATGGGAAGCGTCAAAGGGAGAACCATTTCAGTCCTGGGATTAGCCTTCAAACCGAATA
3 M ¢6 $§$ V K ¢ R T I 8 VvV L & L A F K P N T
Pastl
2460  CGAACGATGTGAGATCCGCTCCAGCEGCTTGATATTATCCCAATGCTGCAGCAGCTGGGCG
3 N D V R &8 A P A L DI I P M L QQ @ L & &
HindIII
2520 CCCATGTAAAAGCATACGATCCGATTGCTATTCCTGAAGCTTCAGCCGATCCTTGGECGAAL
3 H v K A Y D p I A I P E A 8 2 I L G E O
Sphl
2580 AGGTCGAGTATTACACAGATGTETATGCTGCGATGGAAGACACTGATGCATGCCTGATTT
3 v E Y Y T D VY A A M ED T D 2 ¢ L I L
2640  TAACGGATTGGCCGGAAGTGAAAGAAATEGAGCTTGTAAAAGTGAAAACCCTCTTARAAC
3 T D W P E V K EM E L V K V K T L L K 0
2700 AGCCAGTCATCATTGACGGCAGAAATTTATTTTCACTTGAAGAGATGCAGGCAGCCGEGAT
3 P v I I D ¢ R N L F 8§ L E E M Q A 2&A G Y
2760  ACATTTATCACTCTATCGGCCGTCCCGCTETTCGEGGAACGGAACCCTCTGACAAGTATT
3 I Y H §$ I ¢ R P A V R G T E P 8 D K Y F
BamHI
2820  TTCCEGECTTGCCECTTGAAGAATTEGCTAAAGACTTGGGAAGCETCAATTTATAAGGAT
3 P ¢ L, P L E EL A KD L ¢ 8 V N L
Sphl
(SEQ ID NO: 1)
2880 CCGGCCECATGCCEGCTAATCGCGACCEGETTAACTAGCATAACCCCTTEGGECCTCTAAA
2940  CGGGTCTTGAGGGETTTTTTGCTAAAGCGAGGAACTATATCCGGTCCAAGAATTGGAGCCA

3000

ATCAATTCTTGCGGAGAACTGTGAATGCGCAAACCAACCCTTGGCAGAACATATCCATCG

16



3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

Pstl

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

EcoR1I

4920

4980

5040

5100

5160
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COTCCCCCATCTCCAGCAGC CGCACGCRRCRCATCTCRRRCCRCRTTACTRRCATTTTTC

CATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGT CAGAGGTGGCGA
AACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCOGTGCGCTCT
CCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCETG
GCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAG
CTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTAT
COGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGETAAC
AGGAT TAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGETGGCCTAAC
TACGGCTACACTAGAAGGACAGTATT TGGTATCTGCGCTCTGCTGAAGCCAGT TACCTTC
GGAALA AN GAGTTGGETAGC TCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGETTTT
TTTGTTTGCAAGCAGCAGATTACGCGCAGAAARAALAAGGATCTCAAGAAGATCCTTTGATC
TTTTCTACGGGGTCTGACGCTCAGTGGAACGAAALACTCACGTTAAGGGATTTTGGTCATG
AGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAALAATGAAGTTTTAAATCA
ATCTAAAGTATATATGAGTAAACT TGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCA
CCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAG
ATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGAC
CCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGC

AGAAGTGGET CCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCT

AGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTGCAGGCATC
Hpy991
GTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGG
CGAGTTACATGATCCCCCATGTTGTGCARAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATC
GTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAAT
Scal
TCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAG
TCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAACACGGGAT
AATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGG
CGARAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCA
CCCRAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAALACAGGA
AGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTC
TTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATA
TTTGAATGTATTTAGAARAATAAACARAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTG

CCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAALATAGGCGETATC

ACGAGGCCCTTTCGTCTTCAAGAATTCCTGTTATAAAARALAAGGATCAATTTTGAACTCTC

TCCCARAAGT TGATCCCTTAACGATTTAGAAATCCCTTTGAGAATGTTTATATACATTCAA

GGTAACCAGCCAACTAATGACAATGATTCCTGAAAAAAGTAATAACAAATTACTATACAG

ATAAGTTGACTGATCAACTTCCATAGGTAACAACCTTTGATCAAGTAAGGGTATGGATAA

TAAACCACCTACAATTGCAATACCTGTTCCCTCTGATAAAAAGCTGGTAAAGTTAAGCAA

18



5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380
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ACTCATTCCAGCACCAGCTTCCTGCTGTTTCAAGCTACTTGAAACAATTGTTGATATAAC
TGTTTTGGTGAACGAAAGCCCACCTAAAACAAATACGATTATAATTGTCATGAACCATGA
TGTTGTTTCTAAAAGAALAGGAAGCAGTTAAAAAGCTAACAGAAAGARAATGTAACTCCGAT
GTTTAACACGTATAAAGGACCTCTTCTATCAACAAGTATCCCACCAATGTAGCCGAALAAT
Scal
AATGACACTCATTGTTCCAGGGAAAATAATTACACTTCCGATTTCGGCAGTACTTAGCTG
GTGAACATCTTTCATCATATAAGGAACCATAGAGACAAACCCTGCTACTGTTCCAAATAT
AATTCCCCCACAAAGAACTCCAATCATARAAGGTATATTTTTCCCTAATCCGGGATCAAC
AAALAGGATCTGTTACTTTCCTGATATGTTTTACAAATATCAGGAATGACAGCACGCTAAC
GATAAGAARALAGAAATGCTATATGATGTTGTAAACAACATAAAAALTACAATGCCTACAGA
EcoRV
CATTAGTATAATTCCTTTGATATCAAAATGACCTTTTATCCTTACTTCTTTCTTTAATAAL
TTTCATAAGAAACGGAACAGTGATAATTGTTATCATAGGAATGAGTAGAAGATAGGACCA
ATGAATATAATGGGCTATCATTCCACCAATCGCTGGACCGACTCCTTCTCCCATGGCTAC
Clal
TATCGATCCAATAAGACCAAATGCTTTACCCCTATTTTCCTTTGGAATATAGCGCGCAAC
TACAACCATTACGAGTGCTGGAAATGCAGCTGCACCAGCCCCTTGAATAAAACGAGCCAT
AATAAGTAAGGAAAAGAAAGAATGGCCAACAAACCCAATTACCGACCCGAAACAATTTAT
TATAATTCCAAATAGGAGTAACCTTTTGATGCCTAATTGATCAGATAGCTTTCCATATAC
AGCTGTTCCAATGGAAAAGGTTAACATAAAGGCTGTGTTCACCCAGTTTGTACTCGCAGG
TGGTTTATTAAAATCATTTGCAATATCAGGTAATGAGACGTTCAAAACCATTTCATTTAAL
TACGCTAAAAAAAGATAAAATGCAAAGCCAAATTAAAATTTGGTTGTGTCGTAAATTCGA
TTGTGAATAGGATGTATTCACATTTCACCCTCCAATAATGAGGGCAGACGTAGTTTATAG
GGTTAATGATACGCTTCCCTCTTTTAATTGAACCCTGTTACATTCATTACACTTCATAAT
TAATTCCTCCTAAACTTGATTARAACATTTTACCACATATAAACTAAGTTTTAAATTCAG
TATTTCATCACTTATACAACAATATGGCCCGTTTGTTGAACTACTCTTTAATAARAATAAT
TTTTCCGTTCCCAATTCCACATTGCAATAATAGAAAATCCATCTTCATCGGCTTTTTCGT
CATCATCTGTATGAATCAAATCGCCTTCTTCTGTGTCATCAAGGTTTAATTTTTTATGTA
TTTCTTTTAACAAACCACCATAGGAGATTAACCTTTTACGGTGTAAACCTTCCTCCARAAT
CAGACAAACGTTTCAAATTCTTTTCTTCATCATCGGTCATAAAATCCGTATCCTTTACAG
GATATTTTGCAGTTTCGTCAATTGCCGATTGTATATCCGATTTATATTTATTTTTCGGTC
GAATCATTTGAACTTTTACATTTGGATCATAGTCTAATTTCATTGCCTTTTTCCAAAATT
GAATCCATTGTTTTTGATTCACGTAGTTTTCTGTATTCTTAARAATAAGTTGGTTCCACAC
ATACCAATACATGCATGTGCTGATTATAAGAATTATCTTTATTATTTATTGTCACTTCCG
TTGCACGCATAAAACCAACAAGATTTTTATTAATTTTTTTATATTGCATCATTCGGCGAA
ATCCTTGAGCCATATCTGACAAACTCTTATTTAATTCTTCGCCATCATAAACATTTTTAA
CTGTTAATGTGAGAAACAACCAACGAACTGTTGGCTTTTGTTTAATAACTTCAGCAACAL
CCTTTTGTGACTGAATGCCATGTTTCATTGCTCTCCTCCAGTTGCACATTGGACAAAGCC

TGGEAT T TACAARAACCACACTCGATACAACTTTCTTTCGCCTGTTTCACGATTTTGTTTAT

ACTCTAATATTTCAGCACAATCTTITACTCTTTCAGCCTTTITTAAATTCAAGAATATGCA

20
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7440 GAAGTTCAAAGTAATCAACATTAGCGATTTTCTTTTCTCTCCATGGTCTCACTTTTCCAC
7500 TTTTTGTCTTGTCCACTAAAACCCTTGATTTTTCATCTGAATAAATGCTACTATTAGGAC
7560 ACATAATATTAAAAGAAACCCCCATCTATTTAGTTATTTGTTTGGTCACTTATAACTTTA
7620 ACAGATGGGGTTTTTCTGTGCAACCAATTTTAAGEGTTTTCAATACTTTAARACACATAC
7680 ATACCAACACTTCAACGCACCTTTCAGCAACTAAAATAAAAATGACGTTATTTCTATATG
7740 TATCAAGATAAGAAAGAACAAGTTCAAAACCATCAAAAAAAGACACCTTTTCAGGTGCTT
7800 TTTTTATTTTATAAACTCATTCCCTGATCTCGACTTCGTTCTTTTTTTACCTCTCGGTTA
7860 TGAGTTAGTTCAAATTCGTT

The plasmid has a molecular weight of 7880 bp and
contains the various genes responsible for hyaluronic acid
synthesis under the control of strong T7 promoter of bacte-
riophage T7. The hasA synthase sequence from Streptococ-
cus equi 1alls between bases 196 and 1383, and that of the
tuaD gene between bases 1430 and 2873.

Example 6

Cloning of the gtaB Gene (UDP-Glc
Pyrophosphorylase)

The gtaB gene from Bacillus Subtilis was recovered from
the bacterial genome as above, and through two oligonucle-

otides having the following sequence:

(SEQ ID NO: 15)
5'ATGTCTAGAATAATAAGGAAGGTECCTTTTAALATGAL 3
(SEQ ID NO: 16)

S'CTCTCGAGCTAGCTTAGATTTCTTCTTTGTTTAGTAAAG 3

The amplified product of 925 bp was cut with Xbal and
Xhol and cloned i plasmid pGEM4hasA 1n the same
restriction sites; plasmid pGEMhasA-gtaB 1s obtained 1n this
way.

Example 7

Cloning of the Pg1 Gene from Bacillus subtilis in
Plasmid pRSET B

The pgi gene (glucose 6 phosphate 1somerase, also called
phosphoglucoisomerase pgi, corresponding to hasE from S.

15

20

25

30

35

40

45

zooepidemicus) was recovered from the bacterial genome as

described above with these two oligonucleotides

(SEQ ID NO: 17)
5'TACATATGACGCATGTACGCTTGACTACTCCARAAG 3!
(SEQ ID NO: 18)

SYATGCTAGCTCATTTATAATCTTCCAGACGTTTTTCAAG 3

and PCR, and cloned after cutting with restriction
enzymes Ndel and Nhel i plasmid pRSETB between the
same restriction sites. Plasmid pRSEpgi 1s obtained 1n this
way. It places the pgi gene under the control of a T7
promoter, and when 1t 1s transferred to cells of E. coli BL21
DE3 1t produces the protein of the expected molecular
weight. This plasmid was cut with Xbal and Pstl, and the
1340 bp fragment was cloned in plasmid pGEMhasA-gtaB3
between sites Nhel and Pstl. Restriction site Xba, like Nhel,
1s lost after cloning. In this way the pg1 gene 1s placed behind
the gtaB gene. The plasmid, called pGEM hasA-gtaB-pgi,
was cut with Xbal and Xhol, and the fragment which
contains the sequences coding for gtaB and pgi was cloned
in plasmid pRSEtuaD between the same sites. The plasmid
obtained was called pRSEtuaD-gtaB-pgi.

The latter was cut with Xbal and BamHI and the fragment
which contains the sequence coding for tuaD, gtaB and pgi
was cloned in plasmid pPT7hasAtual) between the same

sites to obtain plasmid pPT7hasAtuaDgtaBpgi, which we
will call p'T7hyal.

The sequence of plasmid pT7hyal 1s shown below

O CTTTTTAGGTTCTAAATCGTGTTTTTCTTGGAAT TGTGCTGTTTTATCCTTTACCTTGTC

60

120

180

1

HindIII

TACAAACCCCTTAAAAACGTTTT TAAAGGCTTTTAAGCCGTCTGTACGTTCCTTAAGGCG

AAATTAATACGACTCACTATAGGGAGACCACAACGGTTTCCCGAATATTAATTAACCAAG

Bspl4071I

GAGGTGAAATGTACAATGAGAACATTAALAALAACCTCATAACTGTTGTGGCCTT TAGTATT

M R T L K N L I T V VvV A F S 1

240 TTTTGGGTACTGTTGATTTACGTCAATGTTTATCTCTTTGGTGCTAAAGGAAGCTTGTCA

1 F W V L

L I Y v N V Y L F G & K G S L 5

300 ATTTATGGCTTTTTGCTGATAGCTTACCTATTAGTCAAAATGTCCTTATCCTTTTTTTAC

1 I

Y G F

L . I A Y L L v K M s L &S F F Y



360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440
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AAGCCATTTAACGGCAAGCGCTRERCAATATARAGCTTECAGCCATTATTCCCTCTTATALC

K P F K ¢ R A G @Q Y K V A A I I P S ¥ N

GAAGATGCTGAGTCAT TGCTAGAGACCTTAAAAAGTGTTCAGCAGCAAACCTATCCCCTA

E D A E S L L E T L K S V Q @ @ T Y P L
GCAGAAATTTATGTTGTTGACGATGGAAGTGCTGATGAGACAGGTATTAAGCGCATTGAA

A E I Y v v D D & & A D E T G I K R 1 E
GACTATGTGCGTGACACTGGTGACCTATCAAGCAATGTCATTGTTCACCGGTCAGAAARD
D vy v R D T G D L 8 8 N V I VvV H R 8 E K
AATCAAGGAAAGCGTCATGCACAGGCCTGGGCCTTTGAAAGATCAGACGCTGATGTCTTT
N ¢ G K R H A Q@ A W A F E R S D A D V F
TTGACCGTTGACTCAGATACTTATATCTACCCTGATGCTTTAGAGGAGTTGTTAAAAACC
L T v b ¢ D T Y I Y P D L E E E L L K T
TTTAATGACCCAACTGTTTTTGCTGCGACGGGTCACCTTAATGTCAGAAATAGACARACC
F N D p T VvV F A A T G H L N V R N R @Q T
AATCTCTTAACACGC T TGACAGATATTCGCTATGATAATGCTTTTGGCGT TGAACGAGCT
N L L T R L T D I R Y D N A F G V E R A
GCCCAATCCGTTACAGGTAATATTCTCGTTTGCTCAGGCCCGCTTAGCGTTTACAGACGC
A @ 8§ v T 6 N I L VvV ¢ s GG P L 8 V Y R R
GAGGTGGTTGTTCCTAACATAGATAGATACATCAACCAGACCTTCCTGGGTATTCCTGTA
E v v v P N I D R Y I N @ T F L G I P V
AGTATCGGTGATGACAGGTGCTTGACCAACTATGCAACTGATTTAGGAAAGACTGTTTAT
s 1 6 b D R C L T N Y A T D L G K T V Y
CAATCCACTGCTAAATGTATTACAGATGTTCCTGACAAGATGTCTACTTACTTGAAGCAG
= T A K ¢ 1 T D v P D K M &S T Y L K Q
CAARAACCGCTGGAACAAGTCCTTCTTTAGAGAGTCCATTATTTCTGTTAAGAARATCATG
Q N R W N K 8 F F R E 88 I I 8 VvV K K I M
AACAATCCTTTTGTAGCCCTATGGACCATACTTGAGGTGTCTATGTTTATGATGCTTGTT
N N P F V A L w T I L E Vv 8 M F M M L ¥V
TATTCTGTGGTGGATTTCTTTGTAGGCAATGTCAGAGAATTTGATTGGCTCAGGGTTTTG
Yy 8§ v v D F F vV G N vV R E F D W L R V L
GCCTTTCTGGTGATTATCTTCATTGTTGCTCTTTGTCGTAATATTCACTATATGCTTAAG
A F L v I I F I v A L C¢C R N I H Y M L K
CACCCGCTGTCCTTCT TGTTATCTCCGTTTTATGGGGTACTGCTTTGTTTGTCCTACAGC
H p L § F L L 8§ P F Y G VvV L L ¢ L &8 Y &
CCTTGRAAATTGTATTCTCTTTTTACTATTAGARATGCTGACTGGGGAACACGTARALADAT
P
Xbal Ndel

TATTATAATCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATACATATGARARADDLD

M K K I

24



1500

Clal

1560

1620

1680

1740

1800

1860

1920

1980

2040

ECcoRV

2100

2160

2220

2280

2340

2400

2460

3
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TAGCTGTCATTGGAACAGGT TATGTAGGACTCGTATCAGGCACTTGCTTTGCGGAGATCG
A v I ¢ T &6 Y V 6 L Vv 5 G T C F A E I GG

EcoRV

GCAATAAAGTTGTTTGCTGTGATATCGATGAATCAAAAATCAGAAGCCTGAAARAATGGGG
N K VvV v ¢ ¢ b I D E & K I R & L K N G V
TAATCCCAATCTATGAACCAGGGCTTGCAGACTTAGTTGAAAAARAATGTGCTGGATCAGC
1 p I Y E P G L A D L V E K N V L D @ R
ECcoRV
GCCTGACCTTTACGAACGATATCCCGTCTGCCATTCGGGCCTCAGATATTATTTATATTG
L T F T N D I P 8 A I R A S D I I Y I A
CAGTCGGAACGCCTATGTCCAARAACAGGTGAAGCTGATTTAACGTACGTCAAAGCGGCGG
v 6 T p M & K T G E A D L T Y V K A A A
CGAAAACAATCGGTGAGCATCTTAACGGCTACARAAGTGATCGTAAATAAALAGCACAGTCC
K T I 6 E H L N ¢ ¥ K v I v N K & T Vv P
CGGTTGGAACAGGGAAACTGGTGCAATCTATCGTTCAAAAAGCCTCAAAGGGGAGATACT
v 6 T 6 K L v ¢ 8 I VvV @ K A 8 K G R Y S
EcoR1I
CATTTGATGTTGTATCTAACCCTGAATTCCTTCGGGAAGGGTCAGCGATTCATGACACGA
F D VvV v §$ N P E F L R E G & A I H D T M
TGAATATGGAGCGTGCCGTGATTGGTTCAACAAGT CATARAGCCCTGCCATCATTGAGG
N M E R A Vv I G 8 T 8 H K 4&A A A I I E E
AACTTCATCAGCCATTCCATGCTCCTGTCATTAAAACARACCTAGAAAGTGCAGAAATGA

L H ¢ P F H A P V 1 K T N L E S A E M I

TTAAATACGCCGCGAATGCATTTCTGGCGACAAAGATTTCCTTTATCAACGATATCGCAA
K ¥y A A N A F L A T K I 8 F I N D I A N
ACATTTGTGAGCGAGT CGGCGCAGACGTTTCAAAAGTTGCTGATGGTGTTGGTCTTGACA
I1 ¢ E R G A D D V 8 K V A D G V G L D =8
GCCGTATCGGCAGAAAGTTCCTTAAAGCTGGTATTGGATTCGGCGGTTCATGTTTTCCAA
R I G R K F L K 6 I 6 G F G G &8 C F P K
AGGATACAACCGCGCTGCTTCAAATCGCAARATCGGCAGGCTATCCATTCAAGCTCATCG
D T T A L L ¢ I A K 8 A G Y P F K L I E
AAGCTGTCATTGAAACGAACGAAAAGCAGCGTGTTCATATTGTAGATAAACTTTTGACTG
A v I B T N E K @ R V H I V D K L L T V
TTATGGGAAGCGTCAAAGGGAGAACCATTTCAGTCCTGGGATTAGCCTTCAAACCGAATA
M ¢ 8§ vV K ¢ R T I 8 VvV L & L A F K P N T
Pstl

CCAACGATGTGAGATCCGCTCCAGCGCTTGATATTATCCCAATGCTGCAGCAGCTGGECE

N D V R 5 A P A L D I I P M L Q© @ L G A

26
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HindIII

2520

3

Sphl

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

CCCATGTAARAAGCATACGATCCGATTGCTATTCCTGAAGCTTCAGCGATCCTTGGCGAAC

H v K A Y D P I A I P E A S A I L G E Q

AGGTCGAGTATTACACAGATGTGTATGCTGCGATGGAAGACACTGATGCATGCCTGATTT
v E Y Y T D V Y A A M E D T D A C L I L
TAACGGATTGGCCGGAAGTGAAAGAAATGGAGC TTGTAAAAGTGAAAACCCTC TTARAAC
T D WP E V K EMETUL V KV K TUL L K Q
AGCCAGTCATCATTGACGGCAGAAATTTATTTTCACT TGAAGAGATGCAGGCAGCCGGAT
P v I I D ¢ R N L F S L E E M Q A A G ¥
ACATTTATCACTCTATCGGCCGTCCCGCTGTTCGGGGAACGGAACCCTCTGACAAGTATT
I Y H S I ¢ R P A V R G TEUP S D K Y F
TTCCGGGCTTGCCGCT TGAAGAAT TGGCTAAAGACTTGGGAAGCGTCAATTTATAAGCTA
P ¢ L P L E E L A K D L G S V N L
GAATAATAAGGAAGGTGCCTTTTAAATGAAAAAAGTACGTAAAGCCATAATTCCAGCAGC
M K K V R K 2 I I P A 2
AGGCTTAGGAACACGTTTTCTTCCGGCTACGAAAGCAATGCCGAAAGAAATGCTTCCTAT
G L ¢ T R F L P AT K AMUP K EMTL P I
CGTTGATAAACCTACCATTCAATACATAATTGAAGAAGCTGT TGAAGC CGGTATTGAAGA
v D K P T I ¢ Y I I E E A V E A ¢ I E D
TATTATTATCGTAACAGGAAAAAGCAAGCGTGCGATTGAGGATCATTTTGATTACTCTCC
I I I VvV T G K S K R A I E D H F D Y S P
TGAGC TTGAAAGAAACCTAGAAGAAAAAGGAAARACTGAGCTGCTTGAAAAAGTGAAAARA
E L E R N L E E K G K T E UL L E K V K K
GGCTTCTAACCTGGCTGACATTCACTATATCCGCCAAAAAGAACCTAAAGGTCTCGGACA
A $ N L A D I HY I R Q K E P K G L G H
TGCTGTCTGETGCGCACGCAACTTTATCGGCGATGAGCCGTTTGCGETACTGCTTGGTGA
AV W ARDNVF I D E&PF AV L L G D
CGATATTGTTCAGGCTGAAACTCCAGGGTTGCGCCAATTAATGGATGAATATGAAAAAAC
D I V Q A E T P ¢ L R Q L M D E Y E K T
ACTTTCTTCTATTATCGETGTTCAGCAGGTGCCCGAAGAAGARACACACCGCTACGGCAT
L $ 8 I I ¢ V ©Q Q V P E E E T H R Y G I
TATTGACCCGCTGACAAGTGAAGGCCGCCGTTATCAGGTGAAAAACTTCGTTGAARRACC
I D P L T S E G RIR Y Q V KNF V E K P
GCCTAAAGGCACAGCACCTTCTAATCTTGCCATCTTAGGCCGTTACGTATTCACGCCTGA
P K ¢ T A P 8 N L A I L @ R Y V F T P E
BglII
GATCTTCATGTATTTAGAAGAGCAGCAGGTTGGCGCCGGCGGAGAAATTCAGCTCACAGA
I F M Y L EE Q Q V ¢ A G G E I Q L T D

CGCCATTCAAAAGCTGAATGAAATTCAAAGAGTGTTTGCT TACGAT TT TGAAGGCAAGCG

A I ¢ K L N EBE I @ R V F A Y D F E &G K R
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-continued
3660 TTATGATGTTGGTGAAAAGCTCGGCTTTATCACAACAACTCTTGAATTTGCGATGCAGGA
2 Y D V ¢ E K L ¢ F I T T T L E F A M Q D
3720 TAAAGAGCTTCGCGATCAGCTCGTTCCATTTATGGAAGGTTTACTAAACAAAGAAGARAT
2 K E L R D @Q L V P F M EG UL L N K E E I
Ndel
3780 CTAAGCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATACATATGACGCATGTACG
2 M T H V R
3840 CTTGACTACTCCAAAAGCGTTGACTTTCTTTCCAACGGAACATGAACTTACATACCTGCE
2 L T T P K A L T F F P T E H E L T Y L R
3900 GGACTTTGTAAAAACAGCACACCATAATATCCATGAGAAAACAGGCGCGGGCAGCGATTT
2 D F V K T A HHN I HEI KT GAG S D F
EcoR1
3960 TCTAGGCTGGGTGGACCTCCCTGAACATTATGATAAAGAAGAATTCGCGCGCATCCAAAA
2 L G W V DL P E H Y D K EETF 2R I Q K
4020 AAGCGCGGAAAAAATCCAATCTGACTCTGATGTCTTGCTTGTTGTCGGCATCGGCGGTTC
2 8§ A E K I @ 8 D 8 DV L L V V G I G G 8
4080 TTATCTTGGAGCGCGGGCAGCGATTGAAGCGCTGAATCACGCGTTTTATAACACTTTGCC
2 Y L ¢ AR A A I EA L NUHU ATF Y NTL P
4140 AAAAGCCAAACGCGGCAATCCGCAAGTCATTTTTAACTTCTCTATTAATGTGATTTCTAA
2 K A KR G N P @ V I F N F S I N V I § K
HindIII
4200 ATCAGGTACGACAACTGAACCTGCAATCGCTTTCCGTATTTTCCGCAAGCTTCTTGAAGA
2 8§ ¢ T T T E P A I A F R I F R K L L E E
4260 GAAATACGGTAAAGAAGAAGCGAAAGCGCGGATTTATGCAACAACTGATAAAGAGCGCGE
2 K Y G K E E A KA R I YA T T D K E R G
4320 CGCATTAAARACGCTTTCTAACGAAGAAGGCTTTGAATCATTCGTAATTCCTGACGATGT
2 A L K T L $ N E E G F E 8 F V I P D D V
4380 CGGCGGCCGTTATTCAGTTTTAACAGCTGTAGGTCTCTTGCCGATTGCTGTCAGCGGCGT
2 ¢ ¢ R Y & VL T AV G L L P I A V 8§ G V
4440 CAACATTGACGACATGATGAAAGGCGCCCTGGATGCGAGCAAAGATTTTGCAACATCTGA
2 N I D D MM K G A L DU AS KUDF AT S E
4500 ACTGGAAGATAACCCAGCATACCAATATGCGGTTGTTCGCAATGTCCTTTATAATAAGGE
2 L E D N P A Y Q YA V V R NV L Y N KGaG
4560 CAAAACAATTGAAATGCTCATCAACTACGAACCGGCGCTTCAATACTTTGCGGAATGETG
2 K T I EM L I N Y E P A L Q Y F A E W W
4620 GAAGCAGCTGTTCGGAGAAAGCGAAGGGAAAGATGAGAAGGGCATTTATCCTTCTTCAGC
2 K Q L F G E 8 E G KD E K G I Y P 8§ S8 A
4680 GAACTATTCAACAGACCTTCATTCTTTAGGCCAGTATGTACAAGAAGGCCGCAGAGATTT
2 N Y 8§ T D L H $ L G Q Y V Q E G R R D L

4740

ATTCGAAACGGTCCTGAACGTAGAGAAGCCTAAACATGAACTGACAATTGAGGAAGCGGA
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-continued
F E T VvV L. N V E K P K H E L T I E E 2A D

TAACGATCTTGACGGCTTGAACTATTTAGCCGGTAARAACTGTTGATTTCGTTAACARDADLD
N D L D G L N Y L A G K T V D F V N K K
AGCATTCCAAGGTACAATGCTTGCCCATACAGACGGAAATGTTCCGAACTTAATCGTTAA
A F Q@ ¢ T M L A H T D G N V P N L I V N
CATTCCTGAGCTGAATGCATATACTTTTGGATACCTTGTATATTTCTTCGAAAAAGCCTG
1 p E L N A Y T F G Y L V ¥ F F E K A (C
CGCGATGAGCGGTTACCTCCTTGGCGTCAATCCGTTTGACCAGCCTGGTGTAGAAGCGTA
A M § ¢ Yy L L & VvV NP F D Q P G V E A Y
TAAAGTCAATATGTTTGCGTTACTCGGCAAACCTGGCTTTGAAGAGAAAAANGCAGAGCT
K v N M F A L L G K P G F E E K K 2 E L

Nhel
TGARAAAACGTCTGGAAGATTATAAATGAGCTAGCATGACTGGTGGACAGCAAATGGGTCG

E K R L E D Y K
BamHI Kpnl

Agel

(SEQ ID NO: 2)

GGATCTGTACGACGATGACGATAAGGATCCGGETACCGGCCGCATGCCGGCTAATCGCGAC

CGGTTAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTAAA

GGAGGAACTATATCCGOET CCAAGAAT TGGAGCCAATCAATTCTTGCGGAGAACTGTGAAT

GCGCAAACCAACCCTTGGCAGAACATATCCATCGCEGTCCGCCATCTCCAGCAGCCGCALCG

COGCGECATCTCOGGCCGCGT TGCTGGCETTTTTCCATAGGCTCCGCCCCCCTGACGAGCA

TCACAAAAATCGACGCTCAAGT CAGAGGTGGCGAAACCCGACAGGACTATARAAGATACCA

GGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGG

ATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAG

GTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGOGGCTGTGTGCACGAACCCCCCGT

TCAGCCCGACCGCTGCGCCTTATCCGLGTAACTATCGTCTTGAGTCCAACCCGGTAAGACA

CGACTTATCGCCACTGGCAGCAGCCACTGGETAACAGGATTAGCAGAGCGAGGTATGTAGG

COGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATT

TGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATC

CGGCAAACARAACCACCGCTGOTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCG

CAGAARAARAALAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGETCTGACGCTCAGTG

GAACGARAALCTCACGT TAAGGGAT TT TGGTCATGAGATTATCAAAALAGGATCTTCACCTA

GATCCTTTTAAATTARAAAA TGAAGT T TTAAATCAATCTAAAGTATATATGAGTAAACTTG

GTCTGACAGTTACCAATGCT TAAT CAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCG

TTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACC

ATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATC

AGCAATAAACCAGCCAGCCGLAAGGGCCGAGCGCAGAAGTGOGTCCTGCAACTT TATCCGC

CTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGT TCGCCAGTTAATAG

Pstl

TTTGCGCAACGTTGTTGCCATTGCTGCAGGCATCGTGGTGTCACGCTCGTCOGTTTGGTAT

GGCTTCATTCAGCTCCGGTTCCCAACGAT CAAGGCGAGTTACATGATCCCCCATGTTGTG
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-continued

CAAAAAAGCGETTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGT TGGCCGCAGT
GTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAG
scal
ATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCG
ACCGAGTTGCTCTTGCCCGGCGTCAACACGGGATAATACCGCGCCACATAGCAGAACTTT
AARAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCT
GTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTAC
TTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCARAATGCCGCAAAAAAGGGAAT
AAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCAT
TTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACA

AATAGGGGET TCCGCGCACATTTCCCCGAARAAGTGCCACCTGACGTCTAAGAAACCATTAT

TATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTTCAAGAATT
CCTGTTATAAAAAAAGGATCAATTTTGAACTCTCTCCCAAAGTTGATCCCTTAACGATTT
AGAAATCCCTTTGAGAATGTTTATATACATTCAAGGTAACCAGCCAACTAATGACAATGA
TTCCTGAAARAAAGTAATAACAAATTACTATACAGATAAGTTGACTGATCAACTTCCATAG
GTAACAACCTTTGATCAAGTAAGGGTATGGATAATAAACCACCTACAATTGCAATACCTG
TTCCCTCTGATAAAAAGCTGGTAAAGTTAAGCARACTCATTCCAGCACCAGCTTCCTGCT
GTTTCAAGCTACTTGAAACAATTGTTGATATAACTGTTTTGGTGAACGAAAGCCCACCTA
AAACAALATACGATTATAATTGTCATGAACCATGATGTTGTTTCTAAAAGAALAGGAAGCAG
TTAAAAAGCTAACAGAAAGARAATGTAACTCCGATGTTTAACACGTATAAAGGACCTCTTC
TATCAACAAGTATCCCACCAATGTAGCCGAAAATAATGACACTCATTGTTCCAGGGARAL
scal
TAATTACACTTCCGATTTCGGCAGTACTTAGCTGGTGAACATCTTTCATCATATAAGGARL
CCATAGAGACAAACCCTGCTACTGTTCCAAATATAATTCCCCCACAAAGAACTCCAATCA
TAAAAGGTATATTTTTCCCTAATCCGGGATCAACAAALAGGATCTGTTACTTTCCTGATAT

GTTTTACAAATATCAGGAATGACAGCACGCTAACGATAAGAARAAGARATGCTATATGATG

TTGTAAACAACATAAAAAATACAATGCCTACAGACATTAGTATAATTCCTTTGATATCAA
AATGACCTTITATCCTTACTTCTTTCTTTAATAATTTCATAAGAALACGGAACAGTGATAA
TTGTTATCATAGGAATGAGTAGAAGATAGGACCAATGAATATAATGGGCTATCATTCCAC
CAATCGCTGGACCGACTCCTTCTCCCATGGCTACTATCGATCCAATAAGACCAAATGCTT
TACCCCTATTTTCCTTTGGAATATAGCGCGCAACTACAACCATTACGAGTGCTGGAAATG
CAGCTGCACCAGCCCCTTGAATAAAACGAGCCATAATAAGTAAGGAALAGALAAGAATGGC
CAACARAACCCAATTACCGACCCGAAACAATTTATTATAATTCCAAATAGGAGTAACCTTT
TGATGCC TAAT TGATCAGATAGCTTTCCATATACAGCTGTTCCAATGGAAALAGGTTAACA
TAAAGGC TG TG T TCACCCAGTTTGTACTCGCAGGTGGTTTATTAAAATCATTTGCAATAT
CAGGTAATGAGACGTTCAAAACCATTTCATTTAATACGCTAAALAALAGATARAATGCARD

GCCAAATTAALAATTTGOET TGTGTCGTAAATTCGAT TGTGAATAGGATGTATTCACATTTC

ACCCTCCAATAATGAGGGCAGACGTAGTTTATAGGGTTAATGATACGCTTCCCTCTTTTA
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-continued
ATTCGAACCCTGTTACATTCATTACACTTCATAATTAATTCCTCCTAAACTTCATTARALC

ATTTTACCACATATAAACTAAGTT I TAAATTCAGTATTTCATCACTTATACAACAATATG
GCCCGTTTGTTGAACTACTCTT TAATAAAATAATTTTTCCGTTCCCAATTCCACATTGCA
ATAATAGAARAATCCATCTTCATCGGCTTTTTCGTCATCATCTGTATGAATCAAATCGCCT
TCTTCTGTGTCATCAAGGTTTAATTTTTTATGTATTTCTTTTAACAAACCACCATAGGAG
ATTAACCTTTTACGGTGTAAACCTTCCTCCAAATCAGACARAACGTTTCAAATTCTTTTCT
TCATCATCGGTCATAAAATCCGTATCCTTTACAGGATATTTTGCAGTTTCGTCAATTGCC
GATTGTATATCCGAT T TATATT TATT TTTCGGTCGAATCATTTGAACTTTTACATTTGGA
TCATAGTCTAATT TCATTGCCTTTTTCCAARAATTGAATCCATTGTTTTTGATTCACGTAG
TTTTCTGTATTCT TAAAATAAGTTGGTTCCACACATACCAATACATGCATGTGCTGATTA
TAAGAAT TATCTT TATTATTTATTGTCACTTCCGTTGCACGCATAAAACCAACAAGATTT
TTATTAATT T T T T TATATTGCATCATTCGGCGAAATCCTTGAGCCATATCTGACAAACTC
TTATT TAAT TCTTCGCCATCATAAACATTTTTAACTGTTAATGTGAGAAACAACCAACGA
ACTGTTGGCTTTTGTTTAATAACT TCAGCAACAACCTTTTGTGACTGAATGCCATGTTTC
ATTGCTCTCCTCCAGTTGCACATTGGACAAAGCCTGGATTTACAALAACCACACTCGATAC
AACTTTCTTTCGCCTGTTTCACGATTTTGTTTATACTCTAATATTTCAGCACAATCTTTT
ACTCTTTCAGCCTTTTTAAATTCAAGAATATGCAGAAGTTCAAAGTAATCAACATTAGCG
ATTTTCTTTTCTCTCCATGGTCTCACTTTTCCACTTTTTGTCTTGTCCACTAAAACCCTT
GATTTTTCATCTGAATAAATGCTACTATTAGGACACATAATATTAAAAGAAACCCCCATC
AT T TAGTTAT T TGTTTGGTCACT TATAACTTTAACAGATGGGETTTTTCTGTGCAACCA
ATTTTAAGGGT TTTCAATACTT TAAAACACATACATACCAACACTTCAACGCACCTTTCA
GCAACTAARATALRALATGACGT TATT TCTATATGTATCAAGATAAGAALAGAACAAGTTCA

ARACCATCAARARAAAGACACCTTTTCAGGTGCTTTTTTTATTTTATAAACTCATTCCCTG

36

10140

This plasmid has a molecular weight of 10194 bp and
contains the various genes responsible for hyaluronic acid
synthesis under the control of a strong T7 promoter of
bacteriophage 17. The hasA sequence from Streptococcus
equi 1s 1ncluded between bases 196 and 1383, that of the
tuaD gene between bases 1430 and 2873, the sequence
coding for gtaB between bases 2905 and 3781, and that for
ogp1 between bases 3824 and 5125.

Example 8

Restriction map of plasmid pT7hyal

When plasmid p’T7hyal 1s cut with restriction enzymes it
gives rise to a restriction map which corresponds to that
expected after sequencing. In column 1 of FIG. §, 1t 1s shown
that the cutting with enzyme EcoRI gives rise to three bands
4900 bp, 3240 bp and 2020 bp from plasmid; 1n column 2
it 1s shown that the cutting with EcoRI and HindIII gives rise
to six bands 3290 bp, 2950 bp, 1660 bp, 1400 bp, 610 bp,
and 290 bp; 1n column 3 1t 1s shown that the cutting with
HindlIII gives rise to three bands 6240 bp, 2240 bp and 1690
bp, and 1 column 4 1t 1s shown that, the cutting with
restriction enzyme Xbal, single site gives rise to a single

band (FIG. 5).
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ATCTCGACTTCGTTCTTTTTTTACCTCTCGGTTATGAGTTAGTTCAAATTCGETT

Example 9

Check on Synthesis of Proteins which Lead to
Hyaluronic Acid Synthesis

The two plasmids pPT 7hasAtuaD and
pPT7hasAtuaDgtaBpgi (p17Hyal) were transformed into

bacterial cells of E. coli BLL21 DE3. After induction with

IPTG, the cells were lysed, and the sample obtained was
loaded 1nto an SDS-PAGE to test for the presence of the
proteins which lead to hyaluronic acid synthesis (FIG. 6).
The preparation 1 column 2 corresponds to cells which
carried plasmid pPT7hasAtuaD: as shown 1n FIG. 6, com-
pared with the control colonies in column 1, column 2
presents a protein with a molecular weight of 34 kDa which
corresponds to tuaD, and a protein with a weight of 42 kDa
which corresponds to hasA. The samples in column 7 and 8
which carry plasmid pPT7has AtuaDgtaBpgi produce, com-
pared with control colonies 5 and 6, a protein with a
molecular weight of 54 kDa which corresponds to tuaD, a
protein with a molecular weight of 51 kDa which corre-
sponds to pgi, a protein with a weight of 42 kDa which
corresponds to hasA, and a protein with a molecular weight
of 32 kDa which corresponds to gtaB. In conclusion, both
plasmids produce the proteins of the expected molecular
weilght required for hyaluronic acid synthesis.
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Example 10

Synthesis of Hyaluronic Acid in £. coli and
Selection by IPTG Gradient

Plasmids pPT7 (control colony), pPT7hasAtuaD (colony
6) and pPT7hasAtuaDgtaBpgi (p1T7Hyal—colony 2) were
transformed 1nto bacterial cells BL21 DE3. After 24 hours’
growth at 37° C., the colonies were analysed for the pro-
duction of hyaluronic acid. In solution, the cells which carry
plasmids pPT7hasAtuaD (colony 6) or plasmids
pPT7hasAtuaDgtaBpgi (colony 2) grow much more slowly,
and after induction with IPTG only produce low levels of
hyaluronic acid. The cells were then plated in the presence
of IPTG (FIG. 7).

The control colonies that carry plasmid pPT7 (and no
hyaluronic acid synthesis gene) grow more easily, and are
larger and flatter, than colony 6 and colony 2, 1n which the
bacteria are engaged in producing hyaluronic acid; in fact,
colomies 2 and 6 are shinier than the control as they produce
hyaluronic acid. To select cells able to express high levels of
hyaluronic acid, the cells were plated 1n the presence or
absence of IPTG (FIG. 8). In the presence of IPTG the
majority of the colonies die, and only some survive, espe-
cially those close to the IPTG gradient formed. These cells
were selected and replated 1 the presence of IPTG to
establish their survival rate (FIG. 9): all of them remained
alive, maintaining their HA synthesis capacity.

The above statements are demonstrated by the fact that
the cells of colonies 6 and 2 were cultured 1n solution for 48
hours 1n the presence of IPTG and 1% saccharose. 1 ml of
this bacterial culture was centrifuged to obtain the precipi-
tate, and the bacterial precipitate was then lysed in the
presence of 0.1% SDS for 10 minutes. After adding 2
volumes of absolute ethyl alcohol, the result was as shown
in FIG. 10.

As will be seen, only colonies 6 and 2 give rise to a
hyaluronic acid precipitate (which was tested with the
carbazole test).

Example 11

Transformation of Plasmids pPT7hasAtuaD and
pPT7hasAtuaDgtaBpgi into Bacillus megaterium

The B. megaterium used in the present invention 1s
already pre-transformed with plasmid pT7-RNAP (QM

B13551 MoBiTec) (this plasmid 1s able to replicate in both £.
coli and B. megaterium because 1t contains two origins of
replication which allow its propagation in both bacteria). It
also contains resistance to ampicillin and chloramphenicol,
which can be used for E. coli and B. megaterium respec-
tively. The plasmid contains the sequence able to code for T7
RNA polymerase under the control of the mducible pro-
moter for xylose, and also contains the repressor for the
xylose promoter; if the cells are maintained in the absence
of xylose, they are therefore unable to transcribe T7 RINA
polymerase.

For the transformation of this bacterium it was necessary
to remove 1ts bacterial wall to obtain the protoplasts to use
for the transformation. To remove the bacterial wall, 50 ml
of LB medium were introduced 1mnto a 300 ml Erlenmeyer
flask, and 1 ml of Bacillus megaterium grown overnight
under aerobic conditions was added. When the cell density
at OD578 reached the value of 1, the cells were centrifuged
at 4500 rpm for 15 minutes. The cells were then suspended

in 5 ml of 17.5 g/L. of Antibiotic Medium no. 3, 500 mM
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saccharose, 20 mM sodium maleinate and 20 mM Mg(Cl,
pH6 (buller SMMP). 50 ml of lysozyme 1 mg/ml in SMMP

bufler were added and the mixture was maintained at 37° C.
for 60 minutes, so as to remove the cell wall; the cells were
then gently centrifuged at 1300 rpm for 10 minutes. The
bactenal cells were then suspended 1n 5 ml of fresh SMMP
bufler without stirring, as the protoplasts are sensitive to
physical stress. This washing was repeated once more. After
suspension, the protoplasts were ready to be used directly for
the transformation or to be frozen at —80° C. in SMMP,
which contains 15% glycerol. However, the transformations
are much more eflicient when the protoplasts are freshly
prepared. For the transformation, 500 ul of protoplast sus-

pension were mixed with 1 pg of plasmid DNA
pP 1 7hasAtuaD or pPT7hasAtuaDgtaBpgi; 1.5 ml of PEG-P

(40% w/v PEG6000 1n 1xSMM) were then added, and the
mixture was placed at ambient temperature for 2 minutes. 5
ml of SMMP were added, and the tubes were gently mixed
by rotation.

The bacteria were centrifuged gently at 3000 rpm for 10
minutes at ambient temperature. The supernatant was dis-
carded, and the almost 1nvisible sediment contained the
bacteria of interest. 500 ul of SMMP was added to the
bacteria, which were then incubated for 90 minutes at 37° C.
under slow stirring, at a maximum of 10 rpm; 2.5 ml of CR5
top agar were then prepared 1n sterile tubes 1n a hot bath at
43° C.

The CRS top agar was prepared by mixing two compo-
nents:

a) 51.5 g of saccharose, 3.25 g of MOPS and 0.33 g of
NaOH 1n 250 ml of H,O pH7.3, sterilised by filtration

b) 2.0 g of agar, 0.1 g of casaminoacids, 5 g of yeast
extract and 142.5 ml of H,O.

After autoclaving for 20 minutes, the two ingredients,
cooled to 30° C., were mixed together.

After growth, 100 ul of the above disclosed cell prepa-
ration were added to 2.5 ml of top agar, mixed gently by
rotating with both hands, and deposited on a pre-heated plate
containing the antibiotic (4.5 ug/ml of chloramphenicol and
10 ug/ml of tetracycline). The mixture was incubated over-
night at 37° C.; the colonies resulting larger or smaller,
depending on their access to atr.

Example 12
Expression of Hyaluronic Acid in B. megaterium

The transformed B. megaterium cells were cultured 1n LB
medium with tetracycline and chloramphenicol up to an
optical density at 578 nm of 0.4 at 37° C. The induction was
conducted with the addition of 0.5% of D-xylose (w/v),
followed by incubation at 37° C. The optical density of the
bacternia was read every 30 minutes until the optical density
at 600 nm reached 1.5; at this point the cells reached the
steady state. These cells, as 1n the case of E. coli, are unable
to produce hyaluronic acid directly after induction.

Example 13

System for the Selection of Hyaluronic Acid
Secreting Cells

To obtain B. megaterium cells able to produce hyaluronic
acid, the plate selection system presented for E. coli was
employed, using xylose as inductor instead of IPTG. The
cells which produce high levels of hyaluronic acid in the
plate were then selected. Those cells survive, and can be
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cultured. The supernatant contains the hyaluronic acid pro-
duced (its presence 1s confirmed by carbazole analysis when

it 1s precipitated with two volumes of ethanol).

Example 14

Fermentation of transformed B. megaterium cells
Selected on Gradient

Bacillus megaterium cells transtormed with two genes
pPT7hasAtuaD  plasmud or with  four  genes
pPT7hasAtuaDgtaBpgi plasmid, and selected on xylose
gradient were cultured 1n a 20 1 fermenter in 5 1 of MM++
medium and glucose or saccharose as carbon source.

Xylose was added as inductor after the start of fermen-
tation.

In the following some fermentation processes for the
production of HA are illustrated, said processes mainly
differing because of:
the starting source of carbon;
the added feed (glucose or saccharose);
the fermentation temperature (the temperature can be

established 1n a range of from 20 to 38° C., preferably

of from 25 to 35° C.);

time of fermentation.

Culture media used:

LB broth (Miller), pH 7

MM++ (Minimal Medium Bs), pH 7, containing per liter:

1 g (NH,), HPO,; 1 g NH,NO;; 2.5 ¢ K.HPO,; 25 ¢
KH,PO,; 0.2 g MgSO,7H,0; 0.01 g FeSO,7H,0; 0.007 g
MnSQO_,7H,0.

Example 14a

Production of HA Having a Weight Average MW
Comprised 1n the Range of 100-500 KD

The bactenial strain B. Megaterium (QM B1331), trans-
tected with the plasmid pPT7hasAtuaDgtaBpgi selected on
xvylose gradient 0.5% w/v, as described in Example 13, was
used.

Procedure: a single colony resistant to xylose was 1nocu-
lated mto 5 ml of sterile LB medium containing 5 mg/1 of
tetracycline and the inductor. The culture was grown at 37°
C., under stirring at 200 rpm.

After 8 hours, 50 ul of this culture were 1noculated 1nto a
flask containing 50 ml of the medium mentioned above

(containing the inductor), and it was made to grow under the
same conditions described above.

Subsequently, spent further 14-16 hours, 2 ml of this
culture were inoculated 1nto a flask containing 500 ml of the
medium above, and 1t was made to grow under the same
conditions until reaching a D.O.*°"™ of 0.6-0.8.

500 ml of the culture thus obtained were then 1noculated
in the fermenter containing MM++ medium, and the fer-
mentation conditions mnvolved maintaining the culture under
stirring at 600 rpm, aeration with 20-24 litres of air/min, a
temperature of 37° C. (the temperature of fermentation can
be established 1n a range between 25° C. and 38° C.), and a
pH of 6.9 to 7.1. The mitial source of carbon was 2%
saccharose.

After 4 hours of fermentation, a 2% saccharose supply
was added. At 24 hours of fermentation, xylose was added
to a final concentration of 0.5%; this induction proceeded for
4 hours; at the end, 10% saccharose was added 1n steps.
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At the end of fermentation (130 hours), the bacterial
culture was discharged and centrifuged at 7500 rpm at 8° C.
for 20 minutes.

The fermentation broth thus obtained, clarified as free of
the cellular component, was analyzed to determine the
concentration of HA with the carbazole method (Bitter and
Muir, 1962, Anal. Biochem. 4:330-334).

Results: The analysis resulted in a concentration of HA of
3.5 g/l.

Determination of weight average molecular weight MW:

For 1ts analysis 1t was used the method of the intrinsic
viscosity (as described in Terbojevich et al., Carbohydr. Res.
1986, 363-3777, incorporated herein by reference).

Results: the analyzed HA sample showed a weight aver-
age molecular weight MW 1n the range of 100-300 KD.

Example 14b

Production of HA Having a Weight Average MW
Comprised in the Range of 1x10°72x10° D

The bactenial strain B. Megaterium (QM B1551), trans-
tected with the two genes plasmid pPT7hasAtual) and with
the four genes plasmid pPT7hasAtuaDgtaBpgi, selected on
xylose gradient, as described 1n Example 13, was used.

Procedure: for each plasmid which was used, a single
colony resistant to xylose was processed as indicated 1n
example 14a. The 1nitial source of carbon was saccharose at
2%: 1n this example the further supply was glucose (further
experimental tests showed that 1t can be substituted with
equal or lower amounts of saccharose). The fermentation
conditions were the same as those used in example 14a with
the only diflerence of the fermentation temperature: 25° C.

The culture media used for the fermentation were those
disclosed according to example 14a.

At the end of the process (ended after 24 hours), the
fermentation broth was analyzed to determine the concen-
tration of HA with the carbazole method.

Results: B. Megaterium (QM B1551), transfected with the
two genes plasmid pPT7hasAtuaD: the analysis resulted in
a concentration of HA of 2.5 g/1;

B. Megaterium (QM B1531), transfected with the four
genes plasmid pPT7hasAtuaDgtaBpgi: the analysis resulted
in a concentration of HA of 3.2 g/1;

Determination of weight average molecular weight MW:

For 1ts analysis 1t was used the method of the intrinsic
viscosity as indicated 1n the previous example 14a.

Results: the analyzed HA sample produced by B. Mega-
terium transfected with the two genes plasmid showed a
weight average molecular weight MW 1n the range of
1.3%x10°-1.7x10°D;

the analyzed HA sample produced by B. Megaterium
transfected with the four genes plasmid showed a weight
average molecular weight MW in the range of 1.6x10°-2x
10°D.

The system engineered 1n B. megaterium 1s inducible, so
the fermentation process can be continued by stimulating the
production of HA to obtain the desired weight average
molecular weight MW, fermentation times between 80 and
160 hours result in a medium-low weight average molecular
weight MW, comprised in the range between 100-500 KD,
fermentation times between 40 and 80 hours result 1 a
weight average molecular weight 1n the range between
500-1000 KD, fermentation times between 12 and 40 hours
result in a weight average molecular weight MW 1n the

range 1x10°-3x10° D.
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With the experiments and the results obtained above, the

production of E

Applicant has demonstrated to have perfected a system of
A 1n B. megaterium by plasmid vectors by:

engineering of 2 genes (or 4 genes) plasmid vectors for
the synthesis of enzymes needed for the production of 4
said polysaccharide, whose gene control 1s placed
under the control of strong promoter 17 of bacterio-

phage T17;

<160>

<210>
<211>
<212>
<213>
220>
<223>

NUMBER OF SEQ ID NOS:

SEQ ID NO 1
LENGTH:
TYPE:
ORGANISM:
FEATURE :
OTHER INFORMATION: Plasmid

7880
DNA

SEQUENCE LISTING

18

artificial

control of promoter T7

<400>

ctttttaggt

tacaaacccc

aaattaatac

gaggtgaaat

ttttgggtac

atttatggcet

aagccattta

gaagatgctyg

gcagaaattt

gactatgtgc

aatcaaggaa

ttgaccgttg

tttaatgacc

aatctcttaa

gcccaatcecg

gaggtggdgttg

agtatcggtg

caatccactg

caaaaccgct

aacaatcctt

tattctgtygg

gcctttetygyg

cacccgetgt

ccttgaaatt

tattataatc

tagctgtcat

gcaataaagt

taatcccaat

SEQUENCE: 1

tctaaatcgt

ttaaaaacgt

gactcactat

gtacaatgag

tgttgattta

ttttgctgat

agggaagggdc

agtcattgct

atgttgttga

gtgacactgg

agcgtcatgc

actcagatac

caactgtttt

cacgcttgac

ttacaggtaa

CCtcctaacat

atgacaggtg

ctaaatgtat

ggaacaagtc

ttgtagccct

tggatttett

tgattatctt

ccttettgtt

gtattctett

tagaaataat

tggaacaggt

tgtttgctgt

ctatgaacca

gtttttettg

ttttaaaggc

agggagacca

aacattaaaa

cgtcaatgtt

agcttaccta

tgggcaatat

agagacctta

cgatggaagt

tgacctatca

acaggcctgg

Ctatatctac

tgctgcgacg
agatattcgc
tattctegtt
agatagatac
cttgaccaac
tacagatgtt
cttectttaga
atggaccata

tgtaggcaat

cattgttgcet

atctcegttt

Cttactatta

tttgtttaac

tatgtaggac

gatatcgatg

gggcttgcag

containing

gaattgtgct
ttttaagccg
caacggtttc
aacctcataa
tatctctttg
ttagtcaaaa
aaggttgcag
aaaagtgttc
gctgatgaga
agcaatgtca
gcctttgaaa
cctgatgcett
ggtcacctta
tatgataatg
tgctcaggcc
atcaaccaga
tatgcaactg
cctgacaaga
gagtccatta
cttgaggtgt
gtcagagaat
ctttgtcgta
tatggggtac
gaaatgctga
tttaagaagg

tcgtatcagyg

aatcaaaaat

acttagttga
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perfecting a system ol selection of these transfected
strains for the production of stable, viable, replicating,
and HA secreting strains;

creating an inducible system of HA production, thus
controllable both 1n order to obtain high concentrations
of HA and for the production of said polysaccharide at
different weight average molecular weight MW,

hasA and tuaD gene under the

gttttatcct

tctgtacgtt

ccgaatatta

ctgttgtggc

gtgctaaagg

tgtccttatc

ccattattcecc

agcagcaaac

caggtattaa

ttgttcaccg

gatcagacgc

tagaggagtt

atgtcagaaa

cttttggegt

cgcttagegt

ccttectggg

atttaggaaa

tgtctactta

tttctgttaa

ctatgtttat

ttgattgget

atattcacta

tgctttgttt

ctggggaaca

agatatacat

cacttgettt

cagaagcctg

aaaaaatgtg

ttaccttgtc 60
ccttaaggcg 120
attaaccaag 180
ctttagtatt 240
aagcttgtca 300
ctttttttac 360
ctcttataac 420
ctatcccecta 480
gcgcattgaa 540
gtcagaaaaa 600
tgatgtcttt 660
gttaaaaacc 720
tagacaaacc 780
tgaacgagct 840
ttacagacgc 9500
tattcctgta 9560
gactgtttat 1020
cttgaagcag 1080
gaaaatcatg 1140
gatgcttgtt 1200
cagggttttyg 1260
tatgcttaag 1320
gtcctacagce 1380
cgtaaaaaat 1440
atgaaaaaaa 1500
gcggagatcyg 1560
aaaaatgggg 1620
ctggatcagc 1680



gcctgaccett

cagtcggaac

cgaaaacaat

cggttggaac

catttgatgt

tgaatatgga

aacttcatca

ttaaatacgc

acatttgtga

gccgtategyg

aggatacaac

aagctgtcat

ttatgggaag

cgaacgatgt

cccatgtaaa

aggtcgagta

taacggattyg

agccagtcat

acatttatca

ttccgggett

ccggcecgceat

cgggtcttga

atcaattctt

cgtccgecat

cataggctcc

aacccgacag

cctgttecga

gcgctttete

Ctgggﬂtgtg

cgtcttgagt

aggattagca

tacggctaca

ggaaaaagag

tttgtttgca

ttttctacgg

agattatcaa

atctaaagta

cctatctcag

ataactacga

tacgaacgat

gcctatgtcce

cggtgagcat

agggaaactyg

tgtatctaac

gcgtgecegtyg

gccattccat

cgcgaatgca

gcgagtcgge

cagaaagttc

cgcgcectgett

tgaaacgaac

cgtcaaaggg

gagatccgct

agcatacgat

ttacacagat

gccggaagtg

cattgacggc

ctctatcggc

gccgcttgaa

gccggctaat

ggggtttttt

gcggagaact

ctccagcagc

gccceccecctga

gactataaag

ccetgecget

atagctcacyg

tgcacgaacc

ccaacccggt

gagcgaggta

ctagaaggac

ttggtagctc

agcagcagat

ggtctgacgc

aaaggatctt

tatatgagta

cgatctgtct

tacgggaggyg
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atccegtcetyg
aaaacaggtyg
cttaacggct
gtgcaatcta
cctgaattcc
attggttcaa
gctcctgtcea
tttctggcga
gcagacgttt
cttaaagctyg
caaatcgcaa
gaaaagcagc
agaaccattt
ccagegcettyg
ccgattgceta
gtgtatgctg
aaagaaatgg
agaaatttat
cgtccogcetyg
gaattggcta
cgcgaccggt
gctaaaggag
gtgaatgcgc
cgcacgcggc
cgagcatcac
ataccaggcyg
taccggatac
ctgtaggtat
ccececgttceag
aagacacgac
tgtaggcggt

agtatttggt
ttgatccggce
tacgcgcaga
tcagtggaac
cacctagatc
aacttggtct
atttcgttca

cttaccatct

ccattcgggce

aagctgattt

acaaagtgat

tcgttcaaaa

ttcgggaagg

caagtcataa

ttaaaacaaa

caaagatttc

caaaagttgc

gtattggatt

aatcggcagyg

gtgttcatat

cagtcctgygg

atattatccc

ttcctgaagc

cgatggaaga

agcttgtaaa

tttcacttga

ttcggggaac

aagacttggy

taactagcat

gaactatatc

daaccaaccc

gcatctcggy

aaaaatcgac

tttceececty

ctgtccgect

ctcagttcgy

cccgaccgcet

ttatcgccac

gctacagagt

atctgcogcetc

ddacaaacca

aaaaaaggat

gaaaactcac

Cttttaaatt

gacagttacc

tccatagtty

ggccccagtyg

US 9,695,453 B2

-continued

ctcagatatt

aacgtacgtc

cgtaaataaa

agcctcaaag

gtcagcgatt

agccgcetgec

cctagaaagt

ctttatcaac

tgatggtgtt

cggcggttcea

ctatccattce

tgtagataaa

attagccttc

aatgctgcag

ttcagcgatc

cactgatgca

agtgaaaacc

agagatgcag

ggaaccctcet

aagcgtcaat

aaccccttgyg

cggtccaaga

ttggcagaac

ccgegttget

gctcaagtca

gaagctccct

CECtCcccttce

tgtaggtcgt

gcgcecttatc

tggcagcagc

tcttgaagtyg

tgctgaagcc

ccgetggtag

ctcaagaaga

gttaagggat

aaaaatgaag

aatgcttaat

cctgactccc

ctgcaatgat

atttatattyg

aadgcgdcedd

agcacagtcc

gggagatact

catgacacga

atcattgagg

gcagaaatga

gatatcgcaa

ggtcttgaca

tgttttccaa

aagctcatcg

cttttgactg

aaaccgaata

cagctgggcyg

cttggcgaac

tgcctgattt

ctcttaaaac

gcagccggat

gacaagtatt

ttataaggat

ggcctctaaa

attggagcca

atatccatcg

ggegttttte

gaggtggcga

cgtgegetet

gggaagcgdtyg

tcgctceccaag

cggtaactat

cactggtaac

gtggcctaac

agttaccttc

cggtggtttt

tcctttgatce

tttggtcatg

Ctttaaatca

cagtgaggca

cgtcgtgtag

accgcgagac

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

44
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-contilnued
ccacgctcac cggctccaga tttatcagca ataaaccagce cagccggaag ggccgagcgc 4080
agaagtggtc ctgcaacttt atccgcectcecce atccagtcta ttaattgttg ccgggaagcet 4140
agagtaagta gttcgccagt taatagtttg cgcaacgttg ttgccattgce tgcaggcatc 4200
gtggtgtcac gctcecgtegtt tggtatggcet tcattcagcet ccecggttceccca acgatcaagyg 4260
cgagttacat gatcccccat gttgtgcaaa aaagcecggtta gcectcecttegg tcecctceccecgatce 4320
gttgtcagaa gtaagttggc cgcagtgtta tcactcatgg ttatggcagc actgcataat 4380
tctcttactg tcatgccatce cgtaagatge ttttetgtga ctggtgagta ctcaaccaag 4440
tcattctgag aatagtgtat gcggcgaccg agttgctcett gecceggcecgte aacacgggat 4500
aataccgcge cacatagcag aactttaaaa gtgctcatca ttggaaaacg ttcecttcecgggyg 4560
cgaaaactct caaggatctt accgectgttg agatccagtt cgatgtaacc cactcgtgca 4620
cccaactgat cttcagcatc ttttactttc accagcgttt ctgggtgagc aaaaacagga 4680
aggcaaaatg ccgcaaaaaa gggaataagg gcgacacgga aatgttgaat actcatactc 4740
ttccttttte aatattattg aagcatttat cagggttatt gtctcatgag cggatacata 4800
tttgaatgta tttagaaaaa taaacaaata ggggttccgce gcacatttcecc ccgaaaadtyg 4860
ccacctgacg tctaagaaac cattattatc atgacattaa cctataaaaa taggcgtatc 4920
acgaggccct ttcgtcttca agaattcctg ttataaaaaa aggatcaatt ttgaactctc 4980
tcccaaagtt gatcccttaa cgatttagaa atcceccectttga gaatgtttat atacattcaa 5040
ggtaaccagc caactaatga caatgattcc tgaaaaaagt aataacaaat tactatacag 5100
ataagttgac tgatcaactt ccataggtaa caacctttga tcaagtaagg gtatggataa 5160
taaaccacct acaattgcaa tacctgttcc ctctgataaa aagctggtaa agttaagcaa 5220
actcattcca gcaccagctt cctgetgttt caagctactt gaaacaattg ttgatataac 5280
tgttttggtyg aacgaaagcc cacctaaaac aaatacgatt ataattgtca tgaaccatga 5340
tgttgtttct aaaagaaagg aagcagttaa aaagctaaca gaaagaaatg taactccgat 5400
gtttaacacg tataaaggac ctcttctatc aacaagtatc ccaccaatgt agccgaaaat 5460
aatgacactc attgttccag ggaaaataat tacacttccg atttcggcag tacttagcetyg 5520
gtgaacatct ttcatcatat aaggaaccat agagacaaac cctgctactg ttccaaatat 5580
aattcccecca caaagaactc caatcataaa aggtatattt ttccecctaatce cgggatcaac 5640
aaaaggatct gttactttcc tgatatgttt tacaaatatc aggaatgaca gcacgctaac 5700
gataagaaaa gaaatgctat atgatgttgt aaacaacata aaaaatacaa tgcctacaga 5760
cattagtata attcctttga tatcaaaatg accttttatc cttacttcectt tctttaataa 5820
tttcataaga aacggaacag tgataattgt tatcatagga atgagtagaa gataggacca 5880
atgaatataa tgggctatca ttccaccaat cgctggaccyg actceccttcecte ccatggctac 5940
tatcgatcca ataagaccaa atgctttacc cctattttcecce tttggaatat agcecgcgcaac 6000
tacaaccatt acgagtgctg gaaatgcagce tgcaccagcec ccttgaataa aacgagccat 6060
aataagtaag gaaaagaaag aatggccaac aaacccaatt accgacccga aacaatttat 6120
tataattcca aataggagta accttttgat gcecctaattga tcagatagcet ttccatatac 6180
agctgttcca atggaaaagg ttaacataaa ggctgtgttc acccagtttg tactcgcagyg 6240
tggtttatta aaatcatttyg caatatcagg taatgagacg ttcaaaacca tttcatttaa 6300
tacgctaaaa aaagataaaa tgcaaagcca aattaaaatt tggttgtgtc gtaaattcga 6360
ttgtgaatag gatgtattca catttcaccc tccaataatg agggcagacyg tagtttatag 6420
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ggttaatgat acgcttccct cttttaattg aaccctgtta cattcattac acttcataat 64380
taattcctcece taaacttgat taaaacattt taccacatat aaactaagtt ttaaattcag 6540
tatttcatca cttatacaac aatatggccc gtttgttgaa ctactcttta ataaaataat 6600
tttteccgtte ccaattccac attgcaataa tagaaaatcc atcttcatceg gcectttttegt 6660
catcatctgt atgaatcaaa tcgccttcectt ctgtgtcatc aaggtttaat tttttatgta 6720
tttcttttaa caaaccacca taggagatta accttttacg gtgtaaacct tcecctccaaat 6780
cagacaaacg tttcaaattc ttttcttcat catcggtcat aaaatccgta tcecctttacag 6840
gatattttgce agtttcecgtca attgccgatt gtatatccga tttatattta ttttteggtce 6900
gaatcatttyg aacttttaca tttggatcat agtctaattt cattgccttt ttccaaaatt 6960
gaatccattg tttttgattc acgtagtttt ctgtattctt aaaataagtt ggttccacac 7020
ataccaatac atgcatgtgc tgattataag aattatcttt attatttatt gtcacttceccg 7080
ttgcacgcat aaaaccaaca agatttttat taattttttt atattgcatc attcggcgaa 7140
atccttgagce catatctgac aaactcttat ttaattcttc gceccatcataa acatttttaa 7200
ctgttaatgt gagaaacaac caacgaactg ttggcecttttg tttaataact tcagcaacaa 7260
ccttttgtga ctgaatgcca tgtttcattg ctctectcecca gttgcacatt ggacaaagcc 7320
tggatttaca aaaccacact cgatacaact ttctttcgcecec tgtttcacga ttttgtttat 7380
actctaatat ttcagcacaa tcttttactc tttcagecctt tttaaattca agaatatgca 7440
gaagttcaaa gtaatcaaca ttagcgattt tcttttctet ccatggtctce acttttceccac 7500
tttttgtectt gtccactaaa acccttgatt tttcatctga ataaatgcta ctattaggac 7560
acataatatt aaaagaaacc cccatctatt tagttatttg tttggtcact tataacttta 7620
acagatgggg tttttctgtyg caaccaattt taagggtttt caatacttta aaacacatac 7680
ataccaacac ttcaacgcac ctttcagcaa ctaaaataaa aatgacgtta tttctatatg 7740
tatcaagata agaaagaaca agttcaaaac catcaaaaaa agacaccttt tcaggtgctt 7800
tttttatttt ataaactcat tccctgatct cgacttegtt ctttttttac ctctcecggtta 7860
tgagttagtt caaattcgtt 7880
<210> SEQ ID NO 2
<211> LENGTH: 10194
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
223> OTHER INFORMATION: Plasmid containing hasZ, tuaD, gtaB, pgli gene

under the control of T7 promoter
<400> SEQUENCE: 2
ctttttaggt tctaaatcgt gtttttecttg gaattgtget gttttatcct ttaccttgtce 60
tacaaaccce ttaaaaacdgt ttttaaaggce ttttaagcecceg tctgtacgtt ccttaaggcyg 120
aaattaatac gactcactat agggagacca caacggtttc ccgaatatta attaaccaag 180
gaggtgaaat gtacaatgag aacattaaaa aacctcataa ctgttgtggce ctttagtatt 240
ttttgggtac tgttgattta cgtcaatgtt tatctctttg gtgctaaagg aagcttgtca 300
atttatggct ttttgctgat agcttaccta ttagtcaaaa tgtccttatcec ctttttttac 360
aagccattta agggaagggc tgggcaatat aaggttgcag ccattattcc ctcttataac 420
gaagatgctg agtcattgct agagacctta aaaagtgttce agcagcaaac ctatcccecta 480
gcagaaattt atgttgttga cgatggaagt gctgatgaga caggtattaa gcgcattgaa 540



gactatgtgc

aatcaaggaa

ttgaccgttyg

tttaatgacc

aatctcttaa

gcccaatccyg

gaggtggttg

agtatcggtyg

caatccactg

caaaaccgct

aacaatcctt

tattctgtygg

gcctttetgy

cacccegetgt

ccttgaaatt

tattataatc

tagctgtcat

gcaataaagt

taatcccaat

gcctgacctt

cagtcggaac

cgaaaacaat

cggttggaac

catttgatgt

tgaatatgga

aacttcatca

ttaaatacgc

acatttgtga

gccgtatcegyg

aggatacaac

aagctgtcat

ttatgggaag

cgaacgatgt

cccatgtaaa

aggtcgagta

taacggattyg

agccagtcat

acatttatca

ttccgggcett

gtgacactgyg

agcgtcatgc

actcagatac

caactgtttt

cacgcttgac

ttacaggtaa

ttcctaacat

atgacaggtyg

ctaaatgtat

ggaacaagtc

ttgtagccct

tggatttctt

tgattatctt

ccttettgtt

gtattctett

tagaaataat

tggaacaggt

tgtttgctgt

ctatgaacca

tacgaacgat

gcctatgtcce

cggtgagcat

agggaaactyg

tgtatctaac

gcgtgeegtyg

gccattccat

cgcgaatgca

gcgagtcegge

cagaaagttc

cgcgcetgett

tgaaacgaac

cgtcaaaggy

gagatccgct

agcatacgat

ttacacagat

gccggaagtg

cattgacggc

ctctatcggc

gccgcttgaa
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tgacctatca

acaggcctygg
ttatatctac
tgctgcgacyg
agatattcgc
tattctegtt
agatagatac
cttgaccaac
tacagatgtt
cttctttaga
atggaccata
tgtaggcaat
cattgttgct
atctceogttt
tLtactatta
tttgtttaac
tatgtaggac
gatatcgatyg
gggcttgcag
atcccgtcetyg
aaaacaggtg
cttaacggct
gtgcaatcta
cctgaattcec
attggttcaa
gctectgtcea
tttctggcga
gcagacgttt
cttaaagctg
caaatcgcaa
gaaaagcagc
agaaccattt
ccagcgcettyg
ccgattgcta
gtgtatgctyg
aaagaaatgg
agaaatttat
cgtccoccgetyg

gaattggcta

agcaatgtca

gcctttgaaa

cctgatgcett

ggtcacctta

tatgataatyg

tgctcaggcc

atcaaccaga

tatgcaactyg

cctgacaaga

gagtccatta

cttgaggtgt

gtcagagaat

ctttgtcgta

tatggggtac

gaaatgctga

tttaagaagy

tcgtatcagy

aatcaaaaat

acttagttga

ccattogggc

aagctgattt

acaaagtgat

tcgttcaaaa

ctcgggaagg

caagtcataa

ttaaaacaaa

caaagatttc

caaaagttgc

gtattggatt

aatcggcagy

gtgttcatat

cagtcctggy

atattatccc

ttcctgaagc

cgatggaaga

agcttgtaaa

tttcacttga

ttcggggaac

aagacttggyg
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-continued

ttgttcaccy

gatcagacgc

tagaggagtt

atgtcagaaa

cttttggegt

cgcttagegt

ccttectggy

atttaggaaa

tgtctactta

tttctgttaa

ctatgtttat

ttgattgget

atattcacta

tgetttgttt

ctggggaaca

agatatacat

cacttgettt

cagaagcctyg

aaaaaatgtg

ctcagatatt

aacgtacgtc

cgtaaataaa

agcctcaaag

gtcagcgatt

agccgcetgec

cctagaaagt

ctttatcaac

tgatggtgtt

cggcggttca

ctatccattc

tgtagataaa

attagccttce

aatgctgcag

ttcagcgatce

cactgatgca

agtgaaaacc

agagatgcag

ggaaccctcet

aagcgtcaat

gtcagaaaaa

tgatgtcttt

gttaaaaacc

tagacaaacc

tgaacgagct

ttacagacgc

tattcctgta

gactgtttat

cttgaagcag

gaaaatcatyg

gatgcttgtt

cagggttttg

tatgcttaag

gtcctacagce

cgtaaaaaat

atgaaaaaaa

gcggagatcg

aaaaatgggyg

ctggatcagc

atttatattg

aadgcgydcedy

agcacagtcc

gggagatact

catgacacga

atcattgagg

gcagaaatga

gatatcgcaa

ggtcttgaca

tgttttccaa

aagctcatcg

cttttgactg

aaaccgaata

cagctgggcyg

cttggcgaac

tgcctgattt

ctcttaaaac

gcagccggat

gacaagtatt

ttataagcta

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

50



gaataataag

aggcttagga

cgttgataaa

tattattatc

tgagcttgaa

ggcttctaac

tgctgtctygy

cgatattgtt

actttcttct

tattgacccyg

gcctaaaggc

gatcttcatg

cgccattcaa

ttatgatgtt

taaagagctt

ctaagctaga

cttgactact

ggactttgta

tctaggctygg
aagcgcggaa
ttatcttgga
aaaagccaaa
atcaggtacg
gaaatacggt
cgcattaaaa
cggcggcecgt
caacattgac
actggaagat

caaaacaatt

gaagcagctyg
gaactattca

attcgaaacy

taacgatctt

agcattccaa

cattcctgag

cgcgatgagc

taaagtcaat

tgaaaaacgt

ggatctgtac

cggttaacta

gaaggtgcct

acacgttttc

cctaccattc

gtaacaggaa

agaaacctag

ctggctgaca

tgcgcacgca

caggctgaaa

attatcggtyg

ctgacaagtyg

acagcacctt

tatttagaag

aagctgaatyg

ggtgaaaagc

cgcgatcagc

aataattttyg

ccaaaagcgt

daaacagcac

gtggacctcc

aaaatccaat

gegcedgdeay

cgcggcaatc

acaactgaac

aaagaagaag

acgctttcta

tattcagttt

gacatgatga

aacccagcat

gaaatgctca

ttcggagaaa

acagaccttc

gtcctgaacy

gacggcttga

ggtacaatgc

ctgaatgcat

ggttacctcc

atgtttgcgt

ctggaagatt

gacgatgacg

gcataacccc
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tttaaatgaa
ttccecggctac
aatacataat
aaagcaagcg
aagaaaaagg
ttcactatat
actttatcygg
ctccagggtt
ttcagcaggt
aaggccgccg
ctaatcttgc
agcagcaggt
aaattcaaag
tcggcetttat
tcgttccatt
Cttaacttta
tgactttctt
accataatat
ctgaacatta
ctgactctga
cgattgaagc
cgcaagtcat
ctgcaatcgc
cgaaagcgcyg
acgaagaagyg
taacagctgt
aaggcgccct
accaatatgc
tcaactacga
gcgaagggaa
attctttagg
tagagaagcc
actatttagc
ttgcccatac
atacttttygg
ttggcgtcaa
tactcggcaa

ataaatgagc

ataaggatcc

ttggggcctc

aaaagtacgt

gaaagcaatg

tgaagaagct

tgcgattgag

aaaaactgag

ccgccaaaaa

cgatgagccg

gcgccaatta

gcccgaagaa

ttatcaggtyg

catcttaggc

tggﬂgﬂﬂggﬂ

agtgtttget

cacaacaact

tatggaaggt

agaaggagat

tccaacggaa

ccatgagaaa

tgataaagaa

tgtcttgett

gctgaatcac

CtLtaacttc

tttccegtatt

gatttatgca

ctttgaatca

aggtctcttyg

ggatgcgagc

ggttgttcgce

accggcogcett

agatgagaag

ccagtatgta

taaacatgaa

cggtaaaact

agacggaaat

ataccttgta

tcecgtttgac

acctggcttt

tagcatgact

ggtaccggcc

taaacgggtc

US 9,695,453 B2
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aaagccataa

ccgaaagaaa

gttgaagccyg

gatcattttg

ctgcttgaaa

gaacctaaag

tttgcggtac

atggatgaat

gaaadcacacc

aaaaacttcg

cgttacgtat

ggagaaattc

tacgattttg

cttgaatttg

ttactaaaca

atacatatga

catgaactta

acagdqgcygCcdy

gaattcgcgc

gttgtcggca

gogttttata

tctattaatg

ttccgcaagce

acaactgata

ttecgtaatte

ccgattgetyg

aaagattttg

aatgtccttt

caatactttg

ggcatttatc

caagaaggcc

ctgacaattyg

gttgatttcg

gttccgaact

tatttctteg

cagcctggtyg

gaagagaaaa

ggtggacagc

gcatgccggc

ttgaggggtt

ttccagcagce

tgcttectat

gtattgaaga

attactctcc

aagtgaaaaa

gtctcggaca

tgcttggtga

atgaaaaaac

gctacggcat

ttgaaaaacc

tcacgcctga

agctcacaga

aaggcaagcyg

cgatgcagga

aagaagaaat

cgcatgtacg

catacctgcg

gcagcgattt

gcatccaaaa

tcggeggttce

acactttgcc

tgatttctaa

ttcttgaaga

aagagcdcedd

ctgacgatgt

tcagcggcgt

caacatctga

ataataaggg

cggaatggtg

cttcttcagce

gcagagattt

adgaadgcyda

tTtaacaaaaa

taatcgttaa

aaaaagcctyg

tagaagcgta

aagcagagct

aaatgggtcy

taatcgcgac

ttttgctaaa

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

52



ggaggaacta

gcgcaaacca

cggcgcatct

tcacaaaaat

ggcgtttccce

atacctgtcc

gtatctcagt

tcagcccecgac

cgacttatcyg

cggtgctaca

tggtatctgc

cggcaaacaa

cadaaaadadada

gaacgaaaac

gatcctttta

gtctgacagt

ttcatccata

atctggcccc

agcaataaac

ctccatccag

tttgcgcaac

ggcttcattce

caaaaaagcg

gttatcactc

atgcttttet

accgagttgce

aaaagtgctc

gttgagatcc

tttcaccagc

aagggcgaca

ttatcagggt

aataggggtt

tatcatgaca

cctgttataa

agaaatccct

ttcctgaaaa

gtaacaacct

ttcectetga

gtttcaagct

tatccggtcec

acccttggcea

cgggccgcgt

cgacgctcaa

cctggaagcet

gcctttctece

tcggtgtagg

cgctgegect

ccactggcag

gagttcttga

gctctgcectga

accaccgcty

ggatctcaag

tcacgttaag

aattaaaaat

taccaatgct

gttgcctgac

agtgctgcaa

cagccagccyg

tctattaatt

gttgttgcca

agctccecggtt

gttagctcct

atggttatgy

gtgactggtg

tcttgeccecygy

atcattggaa

agttcgatgt

gtttctgggt

cggaaatgtt

tattgtctca

ccgcogcacat

ttaacctata

aaaaaggatc

ttgagaatgt

aagtaataac

ttgatcaagt

taaaaagctyg

acttgaaaca
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aagaattgga
gaacatatcc
tgctggcgtt
gtcagaggtyg
ccctegtgeg
cttcgggaag
tcgttcegetce
tatccggtaa
cagccactygg
agtggtggcc
agccagttac
gtagcggtgyg
aagatccttt
ggattttggt
gaagttttaa
taatcagtga
tccececgtegt
tgataccgcg
gaagggccga
gttgccggga
ttgctgcagg
cccaacgatc
tcggtcectec
cagcactgca
agtactcaac
cgtcaacacg
aacgttcttc
aacccactcg
gagcaaaaac
gaatactcat
tgagcggata

ttccceccgaaa
aaaataggcg
aattttgaac
ttatatacat
aaattactat
aagggtatgg
gtaaagttaa

attgttgata

gccaatcaat

atcgecgtcecyg

tttccatagyg

gcgaaacccy

ctcetectgtt

cgtggcogcett

caagctgggc

ctatcgtett

taacaggatt

taactacggc

cttcggaaaa

CCCCCLttgtt

gatcttttet

catgagatta

atcaatctaa

ggcacctatc

gtagataact

agacccacgc

gcgcagaagt

agctagagta

catcgtggtyg

aaggcgagtt

gatcgttgtce

Caattctctt

caagtcattc

ggataatacc

gygdcdgaaaa

tgcacccaac

aggaaggcaa

actcttcctt

catatttgaa

agtgccacct

tatcacgagy

cctcteccaa

tcaaggtaac

acagataagt

ataataaacc

gcaaactcat

taactgtttt
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tcttgcggay

ccatctccag

CtCCgCCCCC

acaggactat

ccgaccectgce

tctcatagcet

tgtgtgcacg

gagtccaacc

agcagagcga

tacactagaa

agagttggta

tgcaagcagc

acggggtctg

tcaaaaagga

agtatatatg

tcagcgatct

acgatacggyg

tcaccggctce

ggtcctgcaa

agtagttcgc

tcacgctcecgt

acatgatccc

agaagtaagt

actgtcatgce

tgagaatagt

gcgccacata

ctctcaagga

tgatcttcag

aatgccgcaa

Cttcaatatt

tgtatttaga

gacgtctaag

ccetttegte

agttgatccc

cagccaacta

tgactgatca

acctacaatt

tccagcacca

ggtgaacgaa

aactgtgaat

cagccgcacyg

ctgacgagca

aaagatacca

cgcttaccgyg

cacgctgtag

aaccccccgt

cggtaagaca

ggtatgtagg

ggacagtatt

gctcttgatc

agattacgcg

acgctcagtyg

CCcttcaccta

agtaaacttg

gtctattteg

agggcttacc

cagatttatc

ctttatccgce

cagttaatag

cgtttggtat

ccatgttgtg

tggccgcagt

catccgtaag

gtatgcggceg

gcagaacttt

tcttaccget

catcttttac

aaaagggaat

attgaagcat

aaaataaaca

aaaccattat

ttcaagaatt

ttaacgattt

atgacaatga

acttccatag

gcaatacctyg

gcttectgcet

agcccaccta

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

54
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aaacaaatac gattataatt gtcatgaacc atgatgttgt ttctaaaaga aaggaagcag 7680
ttaaaaagct aacagaaaga aatgtaactc cgatgtttaa cacgtataaa ggacctcttc 7740
tatcaacaag tatcccacca atgtagccga aaataatgac actcattgtt ccagggaaaa 7800
taattacact tccgatttcecg gcagtactta gctggtgaac atctttcatcec atataaggaa 7860
ccatagagac aaaccctgct actgttccaa atataattcecc cccacaaaga actccaatca 7920
taaaaggtat atttttccct aatccgggat caacaaaagg atctgttact ttcctgatat 7980
gttttacaaa tatcaggaat gacagcacgc taacgataag aaaagaaatg ctatatgatg 8040
ttgtaaacaa cataaaaaat acaatgccta cagacattag tataattcecct ttgatatcaa 8100
aatgaccttt tatccttact tcectttcttta ataatttcat aagaaacgga acagtgataa 8160
ttgttatcat aggaatgagt agaagatagg accaatgaat ataatgggct atcattccac 8220
caatcgctgg accgactcct tcectcecccatgg ctactatcga tccaataaga ccaaatgcett 8280
taccecctatt ttceccectttgga atatagcgcyg caactacaac cattacgagt gctggaaatg 8340
cagctgcacce agccceccttga ataaaacgag ccataataag taaggaaaag aaagaatggc 8400
caacaaaccce aattaccgac ccgaaacaat ttattataat tccaaatagg agtaaccttt 8460
tgatgcctaa ttgatcagat agctttccat atacagetgt tccaatggaa aaggttaaca 8520
taaaggctgt gttcacccag tttgtactcg caggtggttt attaaaatca tttgcaatat 8580
caggtaatga gacgttcaaa accatttcat ttaatacgct aaaaaaagat aaaatgcaaa 8640
gccaaattaa aatttggttg tgtcgtaaat tcgattgtga ataggatgta ttcacatttc 8700
accctccaat aatgagggca gacgtagttt atagggttaa tgatacgcectt ccctcectttta 8760
attgaaccct gttacattca ttacacttca taattaattc ctcctaaact tgattaaaac 8820
attttaccac atataaacta agttttaaat tcagtatttc atcacttata caacaatatg 8880
gceceegtttgt tgaactactce tttaataaaa taatttttcecce gttcecccaatt ccacattgcea 8940
ataatagaaa atccatcttc atcggcectttt tcecgtcatcat ctgtatgaat caaatcgcect 5000
tcttectgtgt catcaaggtt taatttttta tgtatttctt ttaacaaacc accataggag 5060
attaaccttt tacggtgtaa accttcctcecc aaatcagaca aacgtttcaa attcttttcet 9120
tcatcatcgg tcataaaatc cgtatccttt acaggatatt ttgcagtttc gtcaattgcc 5180
gattgtatat ccgatttata tttatttttce ggtcgaatca tttgaacttt tacatttgga 5240
tcatagtcta atttcattgc ctttttccaa aattgaatcce attgtttttg attcacgtag 5300
ttttctgtat tcttaaaata agttggttcc acacatacca atacatgcat gtgctgatta 5360
taagaattat ctttattatt tattgtcact tccgttgcac gcataaaacc aacaagattt 9420
ttattaattt ttttatattg catcattcgg cgaaatcctt gagccatatc tgacaaactc 9480
ttatttaatt cttcgccatc ataaacattt ttaactgtta atgtgagaaa caaccaacga 5540
actgttggct tttgtttaat aacttcagca acaacctttt gtgactgaat gccatgtttc 5600
attgctctce tccagttgca cattggacaa agcectggatt tacaaaacca cactcgatac 9660
aactttcttt cgcctgtttc acgattttgt ttatactcta atatttcagce acaatctttt 5720
actctttcag cctttttaaa ttcaagaata tgcagaagtt caaagtaatc aacattagcyg 5780
attttctttt ctctccatgg tctcactttt ccactttttyg tcttgtceccac taaaaccctt 5840
gatttttcat ctgaataaat gctactatta ggacacataa tattaaaaga aacccccatc 9900
tatttagtta tttgtttggt cacttataac tttaacagat ggggtttttc tgtgcaacca 95960
attttaaggg ttttcaatac tttaaaacac atacatacca acacttcaac gcacctttca 10020
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gcaactaaaa taaaaatgac gttatttcta tatgtatcaa gataagaaag aacaagttca 10080
aaaccatcaa aaaaagacac cttttcaggt gcttttttta ttttataaac tcattccctg 10140

atctcgactt cgttcttttt ttacctctcecg gttatgagtt agttcaaatt cgtt 10154

<210> SEQ ID NO 3

<211l> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

223> OTHER INFORMATION: tuaD gene amplification primer

<400> SEQUENCE: 3

atgaaaaaat agctgtcatt ggaacag 277

<210> SEQ ID NO 4

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> QOTHER INFORMATION: tuaD gene amplification primer

<400> SEQUENCE: 4

ttataaattg tcgttcccaa gtct 24

<210> SEQ ID NO b5

<211l> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

223> OTHER INFORMATION: tuaD gene c¢loning primer

<400> SEQUENCE: 5

gctggatcca tgaaaaaata gcectgtcattg g 31

<210> SEQ ID NO 6

<211l> LENGTH: 31

<212> TYPE: DHNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: tuaD gene c¢loning primer

<400> SEQUENCE: o

ctcgctagcet tataaattga cgcttcccaa g 31

<210> SEQ ID NO 7

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

223> OTHER INFORMATION: Amplification primer for the introduction of a
Shine-Dalgarno sedquence in the tuaDgene

<400> SEQUENCE: 7

cgacatatga aaaaatagct gtcattgg 28

<210> SEQ ID NO 8

<211> LENGTH: 31

<212> TYPE: DHNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Amplification primer for the introduction of a
Shine-Dalgarno sequence in the tuaDgene

<400> SEQUENCE: 8
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ctcgctaget tataaattga cgcttcccaa g 31

<210> SEQ ID NO ©

<211l> LENGTH: 26

<212> TYPE: DHNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: hasZ gene amplification primer

<400> SEQUENCE: ©

atgagaacat taaaaaacct cataac 26

<210> SEQ ID NO 10

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: hasZ gene amplification primer

<400> SEQUENCE: 10

taataatttt ttacgtgttc cccag 25

<210> SEQ ID NO 11

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: hasZ cloning primer

<400> SEQUENCE: 11

ggaggatcca tgagaacatt aaaaaacctc at 32

<210> SEQ ID NO 12

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: hasZ cloning primer

<400> SEQUENCE: 12

cagtctagat tataataatt tttacgtgtc c 31

<210> SEQ ID NO 13

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Cloning primer for the introduction of BsrGI e

BamHI sites upstream and downstream the hasA and tuaDgene
<400> SEQUENCE: 13

gcttgtacat gagaacatta aaaaacctca 30

<210> SEQ ID NO 14

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

223> OTHER INFORMATION: Cloning primer for the introduction of BsrGI e
BamHI sites upstream and downstream the hasA and tuaDgene

<400> SEQUENCE: 14

agggatcctt ataaattgac gcttcccaag 30

<210> SEQ ID NO 15
«211> LENGTH: 37
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<212 >
<213>
<220>
<223>

TYPE: DNA
ORGANISM:
FEATURE:

OTHER INFORMATION: gtaB cloning primer

artificial

<400> SEQUENCE: 15

atgtctagaa taataaggaa ggtgcctttt aaatgaa

<210>
<211>
<212>
<213>
<220>
<223 >

SEQ ID NO 1o
LENGTH: 39
TYPE: DNA
ORGANISM:
FEATURE:
OTHER INFORMATION: gtaB cloning primer

artificial

<400> SEQUENCE: 16

ctctcgaget agcecttagatt tcettetttgt ttagtaaag

<210>
<211>
<212 >
<213>
<220>
<223>

SEQ ID NO 17
LENGTH: 36
TYPE: DNA
ORGANISM:
FEATURE:
OTHER INFORMATION: pgl c¢loning primer

artificial

<400> SEQUENCE: 17

tacatatgac gcatgtacgc ttgactactc caaaag

<210>
<211>
<«212>
<213>
<220>
<223 >

SEQ ID NO 18
LENGTH: 38
TYPE: DNA
ORGANISM:
FEATURE:
OTHER INFORMATION: pgl c¢loning primer

artificial

<400> SEQUENCE: 18

atgctagctc atttataatc ttccagacgt ttttcaag

The 1nvention claimed 1s:
1. A process for the preparation of hyaluronic acid in
Bacillus megaterium, comprising the following steps:

(a) culturing bacterial host cells of Bacillus megaterium,
transformed 1n a stable way with the T7 RNA poly-
merase system under conditions suitable for the pro-
duction of hyaluronic acid 1n the presence of xylose as
an inductor, wherein said bacterial host cells are char-
acterised by being further transformed with:

(1) at least one episomal plasmid vector comprising a
sequence coding for the enzyme hyaluronan syn-
thase and a sequence coding for the enzyme UDP-
glucose dehydrogenase in tandem under the control
of the strong inducible T/ promoter; or

(1) at least one episomal plasmid vector comprising a
sequence coding for the enzyme hyaluronate syn-
thase, a sequence coding for the enzyme UDP-
glucose dehydrogenase, a sequence coding for the
enzyme UDP-glucose pyrophosphorylase and a
sequence coding for the enzyme glucose 6 phosphate
1somerase, under the control of the strong inducible
177 promoter;

(b) recovering hyaluronic acid from the culture medium,

wherein such bacterial host cells of Bacillus megaterium
transformed 1n a stable way with the T7 RNA poly-
merase system and with plasmid vector (1) or (i1) able
to produce hyaluronic acid of step a) are pre-selected

on a xylose gradient.
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2. The process according to claim 1, wherein the xylose
inducer 1s added to a concentration of between 0.1% and
10% wiv.

3. The process of claim 2, in which the xylose inducer 1s
added to a concentration of between 0.5% and 1% w/v.

4. The process according to 1, wherein said bacterial host
cells of Bacillus megaterium transtformed with the T7 RNA

polymerase system belong to B. megaterium strain QM
B1551 or DSM319.

5. The process according to claim 1, wherein the sequence
coding for the enzyme hyaluronan synthase (hasA) 1is
obtained from a strain of Streptococcus, and the sequences
coding for enzymes UDP-glucose dehydrogenase(hasB or
tuaD), UDP-glucose pyrophosphorylase (gtaB) and glucose
6 phosphate 1somerase (pg1 or hasE) are obtained from
Bacillus subtilis.

6. The process according to claam 1, in which the
sequences coding for the enzyme UDP-glucose dehydroge-
nase, hyaluronan synthase, UDP-glucose pyrophosphory-
lase and glucose 6 phosphate 1somerase are operatively
linked to an upstream Shine-Dalgarno sequence.

7. The process according to claim 1, wherein said plasmid
vector (1) comprises the nucleotide sequence of SEQ ID
NO:1.

8. The process according to claim 1, wherein said plasmid
vector (1) comprises the nucleotide sequence of SEQ ID

NO:2.
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9. The process according to claim 1, wherein the fermen-
tation time 1s 1n the range between 80 and 160 hours and the
product HA has a weight average molecular weight 1n the
range 100-500 KDa.

10. The process according to claim 1, wherein the fer-
mentation time 1s 1n the range between 40 and 80 hours and
the product HA has a weight average molecular weight 1in the
range 500-1000 KDa.

11. The process according to claim 1, wherein the fer-
mentation time 1s 1n the range between 12 and 40 hours and
the product HA has a weight average molecular weight 1in the
range 1x10°-3x10° D.

12. A process for the preparation of hyaluronic acid in
Escherichia coli, comprising the following steps:

(a) culturing bacternial host cells of Escherichia coll,
transformed 1n a stable way with the T7 RNA poly-
merase system under conditions suitable for the pro-
duction of hyaluronic acid in the presence of 1sopropyl-
B-thio-galactopyranoside (IPTG) as an 1inductor,
wherein said bacterial host cells are characterised by
being further transformed with:

(1) at least one episomal plasmid vector comprising a
sequence coding for the enzyme hyaluronan syn-
thase and a sequence coding for the enzyme UDP-
glucose dehydrogenase in tandem under the control
of the strong inducible T7 promoter; or

(1) at least one episomal plasmid vector comprising a
sequence coding for the enzyme hyaluronate syn-
thase, a sequence coding for the enzyme UDP-
glucose dehydrogenase, a sequence coding for the
enzyme UDP-glucose pyrophosphorylase and a
sequence coding for the enzyme glucose 6 phosphate
1somerase, under the control of the strong inducible
177 promoter;

(b) recovering hyaluronic acid from the culture medium,

wherein such bacterial host cells of Escherichia coli
transformed 1n a stable way with the T7 RNA poly-
merase system and with plasmid vector (1) or (11) able
to produce hyaluronic acid of step a) are pre-selected
on an IPTG gradient.

13. The process according to claim 12, wherein the IPTG

inducer 1s added to a concentration of between 0.1 mM and

10 mM.

14. The process of claim 13, 1n which the IPTG inducer
1s added to a concentration of between 0.4 mM to 1.0 mM.

15. The process according to claam 12, wherein said
bacterial host cells of Escherichia coli transtformed with the
T7 RNA polymerase system belong to £. coli strain BL21
DE3.

16. The process according to claim 12, wherein the
sequence coding for the enzyme hyaluronan synthase (hasA)
1s obtained from a strain of Streptococcus, and the sequences
coding for enzymes UDP-glucose dehydrogenase(hasB or
tuaD), UDP-glucose pyrophosphorylase (gtaB) and glucose
6 phosphate 1somerase (pg1 or hasE) are obtained from
Bacillus subtilis.

17. The process according to claim 12, in which the
sequences coding for the enzyme UDP-glucose dehydroge-
nase, hyaluronan synthase, UDP-glucose pyrophosphory-
lase and glucose 6 phosphate 1somerase are operatively
linked to an upstream Shine-Dalgarno sequence.

18. The process according to claam 12, wherein said
plasmid vector (1) comprises the nucleotide sequence of
SEQ ID NO:1.

19. The process according to claam 12, wherein said
plasmid vector (1) comprises the nucleotide sequence of

SEQ 1D NO:2.
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20. A plasmid vector comprising a strong inducible bac-
teriophage 17 promoter operationally linked to a sequence
coding for a hyaluronan synthase enzyme and a sequence
coding for a UDP-glucose dehydrogenase enzyme in tan-
dem.

21. The plasmid vector according to claim 20, wherein
said sequence coding for the enzyme hyaluronan synthase 1s
a hasA gene from Streptococcus zooepidemicus, and said
sequence coding for the enzyme UDP-glucose dehydroge-
nase 1s a tuaD gene from Bacillus subtilis.

22. The plasmid vector according to claim 21, comprising,

the nucleotide sequence SEQ ID NO:1.

23. A plasmid vector comprising a strong inducible bac-
teriophage 17 promoter operationally linked to a sequence
coding for a hyaluronate synthase enzyme, a sequence
coding for a UDP-glucose dehydrogenase enzyme, a
sequence coding for a UDP-glucose pyrophosphorylase
enzyme and a sequence coding for a glucose 6 phosphate
Isomerase enzyme.

24. The plasmid vector according to claim 23, wherein
said sequence coding for the enzyme hyaluronan synthase 1s
a hasA gene from Streptococcus zooepidemicus, said
sequence coding for the enzyme UDP-glucose dehydroge-
nase 1s a tuaD gene from Bacillus subtilis, said sequence
coding for the enzyme UDP-glucose pyrophosphorylase 1s a
otaB gene from Bacillus subtilis and said sequence coding
for the enzyme glucose 6 phosphate 1somerase 1s a pgi gene
from Bacillus subtilis.

25. The plasmid vector according to claim 24, comprising,
the nucleotide sequence SEQ ID NO:2.

26. The plasmid vector according to claim 23, wherein the
sequence coding for the enzyme UDP-glucose dehydroge-
nase, hyaluronan synthase, UDP-glucose pyrophosphory-
lase and glucose 6 phosphate 1somerase are operatively
linked to an upstream Shine-Dalgarno sequence.

27. A recombinant host bacterial cell belonging to the
genus Bacillus previously transformed with the T7 RNA
polymerase system, comprising at least one plasmid vector
according to claim 20.

28. The recombinant host bacterial cell according to claim
277, which 1s Bacillus megaterium.

29. A method for obtaining recombinant host bacterial
cells, according to claim 27, which are capable of producing
high levels of hyaluronic acid, comprising selecting bacte-
rial host cells transformed with a plasmid vector comprising
a strong inducible bacteriophage 17 promoter operationally
linked to a sequence coding for a hyaluronan synthase
enzyme and a sequence coding for a UDP-glucose dehy-
drogenase enzyme in tandem and transformed with a T7
RNA polymerase system, on a xylose gradient.

30. A recombinant host bacterial cell belonging to the
genus fischerichia previously transformed with the T7 RNA
polymerase system, comprising at least one plasmid vector
according to claim 20.

31. The recombinant host bacterial cell according to claim
30, which 1s Escherichia coli.

32. A method for obtaining recombinant host bacterial
cells, according to claim 30, which are capable of producing
high levels of hyaluronic acid, comprising selecting bacte-
rial host cells transformed with a plasmid vector comprising
a strong 1inducible bacteriophage 17 promoter operationally
linked to a sequence coding for a hyaluronan synthase
enzyme and a sequence coding for a UDP-glucose dehy-
drogenase enzyme in tandem and transformed with a T7
RNA polymerase system, on an IPTG gradient.
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